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PUBLISHERS’ STATEMENT. 


Though much of a fragmentary nature has been written of the mak- 
ing of glass and its history, no attempt has heretofore been made to 
bring under one cover information which will be of practical worth to 
those engaged in the manufacture of glass. |The purpose of the pres- 
ent volume is to present the essentials of the art in the form of the 
greatest practical utility. The subject is much too large for the scope 
of any one book, but it has been the aim to include in this book the 
essential details, and to constitute a store of authoritative information 
from which the expert and the beginner alike can draw with profit. 

To keep the book within convenient compass, all details as to es- 
timates on factory construction, machinery, supplies, materials‘ etc., 
have had to be eliminated, but all such information, not already in the 
possession of the reader, can be secured at length by addressing the 
equipment, material and supply concerns whose advertisements can be 
found in The Glassworker, of Pittsburg, Pa., the newspaper of the 


glass trade in all its branches. 
Glass and Pottery Publishing Co. 


Box 555, Pittsburg, Pa. 


1918 
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The principal portion o! AGENT eit 
work represents the contents of a glassmaker’s private note-book; and 
while the facts and figures therein were collected for personal edifica- 
tion, it hardly seems necessary to make any excuses for their publi- 
cation, since notwithstanding the multiplicity of books on the same 
subject, there seems to be none exactly adapted to the wants of the 
average practical glassmaker. 

It has been the object to present the contents of this volume in a 
series of plain, practical essays, arranged in succession, as it appears 
to the writer, that to properly understand the aggregation, and propor- 
tionate association, of the elements of glass, it is necessary to first un- 
derstand its principles and characteristics. It is for this reason that so 
much space has been devoted to the more important characteristics of 
glass, as the principles of definite proportion are dependent thereon. 
The various constituents of glass have also been given considerable 
space to afford a proper conception of their derivation, composition 
and effects, including simple tests and analyses for determining 
purity. An appendix has also been added, which contains miscel- 
Janeous information pertaining to the subject. 

All known works of authority have been consulted in the prepar- 
ation of this manuscript. Especial indebtedness is due to James Reed: 
who so generously contributed a large portion of the formulas con- 
tained in the work. In conclusion, the work is designed for the prac- 
tical glassmaker; and the authur presents Elements of Glass and Glass- 
making for his consideration, with the hope that, in some respect, it 
may contribute to the general fund of knowledge in glassmaking. 


BENJAMIN FRANKLIN BISER. 


rT al in .the following 
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INTRODUCTION. 


As a people, we are prone to overlook the interest centering in the 
commodities that alleviate the discomforts of life. By no means the least 
of these commodities is glass. Surrounded by articles representing it in 
almost every conceivable form, perhaps a mosaic, a stained window, a piece 
of filagree work, a richly eut bowl, a common tumbler, or a bottle, may ex- 
cite our passing admiration; yet, nine times out of ten, the inquiry—if 
inquiry at ag TeeEe cane its origin or production ceases with the simple 
definition :—‘‘a product of sand,’’ and the mind does not conceive the depth 
of romance underlying its origin or propogation. This fact does not only 
apply to those in the ordinary walks of life, but penetrates to the vital 
depths of the industry, reaching not only a large majority of those artisans 
who fashion it, but quite a few of those who ereate it; and while there 
always exists a superabundance of traditional data, inherited from gener 
tion to generation, father to son, so to speak, yet there is an almost abso- 
lute dearth of practieal—to say naught of theoretical—information in 
possession of the average glassworker regarding the substance he daily gives 
form and figure. 


Notwithstanding the universality of the present use of glass, its dis- 
covery was exeremely ancient, and its history is so resplendent with achieve- 
ments, queer facts, and characteristics, that it is truly romantic. For 
many centuries the properties of glass have caused it to be admired, and 
sought by all classes, and some writers believe that it was in use to a 
greater extent among the ancients—especially among the Romans during 
the imperial period—than in comparatively modern times. Dr. Johnson so 
ably illustrates a portion of its present uses in the following, that we quote: 
“Who, when he first saw the sand and ashes by casual intenseness of heat 
melted into a metalline form, rugged with. exerescences and clouded with 
impurities, would have imagined that in this shapeless mass lay conceale* 
so many conveniences of life as would in time constitute a great part of the 
happiness of the world. Yet, by some such fortuitous liquefaction was 
mankind taught to procure a body at once in a high degree solid and trans- 
parent, which would admit the light of the sun, and exclude the violence of 
the wind; which might extend the sight of the philosopher to new ranges of 
existence, and charm him at one time with the unbounded extent of the 
material creation, and at another with the endless subordination of animal 
ife; and what is yet of more importance might supply the decay of and 
sueeor old age with subsidiary sight. Thus was the first artificer of glass 
employed, though without his own knowledge or expectation. He was 
‘acilitating and prolonging the enjoyment of light, enlarging the avenues 
of geience, and conferring the highest and most lasting pleasures, and was 
enabling the student to contemplate nature and the beauty to behold 
rerself.’? 
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With all of its commendable qualities to adapt it to universal use, glass 
is still a peculiar substance—unlike any ot 
dered difficult by the subtleness of its nature, and the variability of its 
constituents, each of which contributes largely to its peculiar quota of 
characteristics. Not by any means the least remarkable fact regarding it 
is its creation by the combination of materials plentiful in nature,of them- 
selves crude and opaque, yet by fusion transformed into a lustrous, limpid, 
transparent substance which can be wrought by heat into forms and de- 
signs unrivalled in beauty. When in a melted state it can be poured like 
oil and molded to suit the will. As it cools it assumes that peculiar state 
of viscosity, in which its ductility is such that it can be drawn into hair- 
like strands which can be woven into cloth or tied in knots. Its elasticity 
is such that it can be be blown to a gauze-like thinness, so as to float upon 
the air, As it hardens, it becomes exceedingly brittle, and assumes a bril- 
liant lustre and polish, yet retains its elasticity to such an extent that a 
globe of it filled with water and hermetically sealed, if dropped upon a 
polished anvil will recoil two-thirds the distance of its fall and wemain 
entire. It is a non-conductor of electricity, and a poor conductor of heat. 
If a ball of melted glass is dropped into cold water it produces no agitation 
in the water until its temperature is reduced to about one-half. Perhaps 
the most peculiar characteristic of glass is the change it undergoes by 
repeated or prolonged heating, when it becomes divitrified or porcelain- 
like and crystalline in structure, (under ordinary cireumstances glass is 
non-crystalline in structure). When exposed to the action of the elements 
any great length of time it assumes a variegated hue termed iridescence: 
this latter peculiarity is now given commercial importance, and is fre- 
quently produced artificially. Innumerable other peculiarities could be 
mentioned, and it is these queer facts which characterizes it as a substance 
peculiar to itself. 


Tn a certain sense glassmaking is not only one of the oldest, but one 
of the newest occupations, and herein lies the romance of an art dominant, 
virtually blotted out of existence for centuries, and restored. Its origin 
is unknown, but we have reasons to believe that it is as old as the earliest 
civilization, even as ancient as the art of brickmaking. Glass objects have 
been found under circumstances and in places indicating that they were 
in use before man learned to manufacture iron into useful forms; and if 
glass was coeval with bronze, why may it not also have existed in the age 
of stone? ; 


Ancient writers—especially Pliny—tell us a wonderful story, of its 
diseovery by Phoenician merchants returning from Egypt to Syria with a 
cargo of natron (crude soda). Storm driven they landed on the sandy beacl: 
at the mouth of the river Belus, which flows from Mount Carmel and enters 
the sea near Tyre and Sidon; and while cooking their food, rested thei 
cooking utensils on blocks of the natron. The heat from the fire caused the 
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natron to melt and form a flux that reduced the sand to glass. But this 
story is purely a fable, as the result would be impossible. Ag to the prob- 
able discovery of glass we are led to believe that there is little doubt that 
it was the result of an accident; some one had the acuteness to notice its 
fortuitous production; but who, exactly when, or where is absolutely 
unknown. 

A coarse colored glass is frequently produced in metallurgical opera- 
tions as an accident; and again, when vegetable substances which contain 
silica and an alkali (as straw) are burned, glass is very often found. The 
Egyptians were proficient in metallurgical operations, and for argument 
suppose it was discovered in the early days of metallurgy. The Egyptians 
ascribe the invention of this art to Osiris. In Gen. IV :22, ‘‘Tubaleain, an 
instructor of every artificer in brass and iron,’’ takes the inyention back 
when the first man was living. Metallurgy evidently had some infiuence 
on the early manufacture of glass, as the oldest specimens are always col- 
ored, which by analysis shows the coloring agent to be of a metallic nature. 
Klaproth concluded that the variability of composition of the different 
ancient colored specimens showed evidences of being remelted metallurgical 
slags. Some writers think there was a possible chance for its discovery in 
connection with the art of glazing pottery. The Egyptians sometimes 
burned large heaps of straw and vegetation, and to this some attribute the 
discovery of glass by that people. 

The earliest traces of its manufacture are found in Egypt. Archae- 
ologists have discovered sculptured designs, representing glassblowers at 
work, which were made centuries ago, and on the rock tombs of Thebes you 
may see pictures of artisans blowing the shapes of glass through long pipes. 
There is an unmistakable evidence of glassblowing figured on the walls of 
the tomb of Mestaba of Tih, of the fifth dynasty, the earliest representation 
yet discovered—a time so remote that it is impossible to give it a date in 
years—say, for instance, 4000 years B. C. Mummies in the tombs of Mem- 
phis wear necklaces of paste-glass beads. Memphis was built by Menes I, 
king of Egypt. Manetho figures his reign 5004 B. C., but Egyptian chro- 
nology is uncertain. On the tomb of Beni-Hassan are representations of 
elassblowers. These tombs are supposed to be of the period of Osirtasan I, 
2500 to 3000 B. C. But even given the date of the period in which these 
inseriptions were executed, the art certainly antedates by at least some 
centuries these periods, as development was slow at that day and centuries 
were certainly required to evolve the skill and perfection necessary to 
develop the art to the degree of which the ancient specimens are evidence. 
In general, it is believed that its discovery and use originated in Egypt, as 
its most ancient monuments are of that country. But it is not easy to trace 
the progress of glassmaking there. The objects found there rarely bear 
inscriptions, but the earliest specimen of glass bearing an inscription from 
which its date might be ascertained, was found in Thebes by Signor Drovetti 
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many years ago, and is now in the British Museum. The hieroglyphics 
determined it to be of the eleventh dynasty, about 2423-2380 B. C. We con- 
elude that glass was undoubtedly invented in, and radiated to all other 
countries from Egypt, as the channels of communication can be traced. 
The Phoenicians also lay claim to its discovery, but they cannot be 
‘substantiated. p 


As an industry glassmaking spread from some common center. It grew 
and multiplied until it reached a point of development whieh in some 
respects has never been excelled, and perhaps never equalled. If the 
Syrian, Greek and Latin versions of the Old Testament are correct, glass 
was placed in the same category as gold. Vessels still exist of fine blue 
opaque glass edged with a comparatively thick plating of gold. Herodotus 
saw in the temple of Hercules at Tyre, a statue or column of emerald glass. 
Pliny speaks of a glass statue of Serapis, thirteen and one-half feet high, 
and an obelisk sixty feet high composed of four emeralds, which Apion and 
Theophrastus saw in Egypt. The invention and ingenuity of the ancients 
was most remarkable in producing variety in glass, devising means of deco- 
ration, and methods of manipulation. Many processes now in yogue, which 
are supposed to be recent discoveries, have in reality been anticipated by 
the ancients. To demonstrate this: Among the relics taken from the tombs 
of Thebes are specimens of glass coins with hieroglyphical characters, which 
prove that the Egyptians must have been acquainted with the art of press- 
ing glass, while hot, into metallic molds. This has always been considered 
a modern invention. The Egyptians pressed glass into figures of deities, 
sacred emblems; adapted for mosaie work; colored it to imitate precious 
stones; worked it into beads and necklaces, and used clay and wire molds 
with which to form cups, vases, ete. The so-called Portland vase, and the 
vase at Naples, are beautiful examples of the later ancient art, and illus- 
trate their skill and proficiency in manipulating and fashioning glass. 
Their ingenuity which devised so many modes of ornamentation, so many 
shades of color—primitive tools and impure materials considered—demands 
our unbounded admiration. Circumstances seem to demonstrate that the 
industry was carried on by many artificers, each working on a small scale. 

But a crash came to all of the splendor when the barbarians of the 
northern countries blotted out the power, and even seriously imperiled the 
civilization, of ancient Rome. (It may be remarked that the Romans prior 
to this time had attained virtual supremacy in the art of glass). In the 
mental and material prostration following the barbarian conquest, and 
during the dark ages, the art of glassmaking became but a flickering flame, 
preserved from total extinction by the church in the one branch of the 
industry, that of mosaics and stained windows; and ancient ¢lassmaking 
for centuries was virtually a lost art. Eventually Venice was able, in 
secret, to recuperate her lost art, and at one time whole streets of Tyre 
were wholly oceupied by glassworks. The Venetians did all they could to 
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retain their secrets intact, even removing their factories to the island of 
Murano, in order to better guard the monopoly. So useful were the elass- 
makers at one time in Venice, their industry contributing such large reve- 
nues to the Republic, that to encourage those engaged in it to remain in 
Murano, the Senate made them burgesses of Venice; allowed them to wear 
a sword; exempted them from the payment of all duties and taxes, and 
allowed nobles and patricians to marry their daughters without loss of 
nobility, which also descended to their issue. So stringent were their 
mandates that the Council of Ten forbade glassblowers from revealing the 
secrets of the art ‘to strangers under extreme penalties. An extract from 
their laws m 1474 reads: ‘‘If any workman conveys his art to a strange 
country to the detriment of the Republic, he shall be sent an order to 
return to Venice. Failing to obey, his nearest relation shall be imprisoned. 
I 
sl 


f he still persists in remaining abroad and plying his art, an emissary 
hall be charged to kill him.’’ 

At one time the glass industry in Italy was governed by a eouneil of 
glassworkers, composed of six glass-masters, who were elected during the 
‘hristmas festivities by a majority vote of their fellow-workmen, to serve 
ne year. The orders of this council were imperative, and so recognized in 
the administration of the industry. It established the wages paid to the 
workers, allotted the number of workmen to go to any foreign factory, and 
decided all questions pertaining to the welfare of the business. An oath 
was required from each man before starting to any foreign factory, obli- 
gating him to maintain secrecy; zealously guard the interests of the eraft; 
uphold its traditions; strictly obey all of its rules and laws, and return to 
Altare and report to the council not later than the feast of St. John 
(August 29th) each year, relative to the year’s activity. So great was the 
desire to impart mystery to the art, that in times past it was the custom 
of the workmen when ‘‘pot-setting,’’ to attire themselves in the skins of 
wild animals and goggles, to protect themselves from the heat, and then 
parade the neighborhood thus attired to the great alarm of the children 
and women. Even at the present day there still remains a fund of tradi- 
tions and heriditary data, that in many eases is much revered. 


Ss Ot 


But, while the Venetians especially, did all in their power to retain their 
secrets, and control the monopoly, the glassblowers chafed under restraint 
and gradually wandered from the folds of the councils and ignored their 
mandates, lured, no doubt, by inducements held out by foreigners, until 
Venice was compelled to compete with young but ambitious rivals, born 
with the grey dawn of a later day European civilization, who justly claimed 
a portion of what was regarded as the heritage of Europe. And _ thus 
Egypt, Rome, Venice, Germany and Bohemia, became century marks in the 
later history of glass, and glass became a criterion of civil ation. 


Glassmaking of today is a new art, because but perhaps a century and 
a half have elapsed since it began to emerge from the almost total eclipse 
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it experienced during the dark ages, and to the nineteenth century must be 
assigned nearly all the improvements which have placed it once again among 
the arts. Still, as we have remarked above, the ancients were familiar with 
many processes which we consider new; and many of our improvements of 
today are simply lost ‘processes rediscovered. As a whole, the constitu- 
ents, their proportions, methods of aggregation and association, and the 
manipulation of glass, are along the same general lines that guided the 
ancients; and we have been but regaining that which has been buried be- 
neath the dust of centuries. 


DEFINITION, COMPOSITION. CLASSIFICATION. 


Definition. 

The title ‘‘glass’’ is applied to such a perplexing variety of substances, 
both chemically and commercially, that it makes an exact definition, em- 
bracing all substances to which it is properly applied, extremely difficult. 
It would be comparatively easy to select a single piece of any particular 
elass and define it, or two dissimilar kinds; but not so when we conceive the 
innumerable variety of glasses, all of which contain conditions of similarity. 

A composite definition may be suggested as follows: A transparent 
solid formed by the fusion of silicious and alkaline matter, which assumes 
while passing through said state of fusion at a temperature sufficiently high 
a fluid condition, and, as the temperature falls. passing from the fluid 
through a ductile, viseous state of a solid—devoid of crystalline structure, 
impervious and impenetrable to both gaseous and liquid tluids—a hard, brit- 
tle tuass which exhibts, when broken, a lustrous fracture. 

Any product of fusion that is hard, brittle and vitreous, is chemically 
termed glass. Commercially the title designated (with few exceptions), 
the silicates, or compounds of siliea—a fusion of two or more simple sil- 
ieates. A silicate is a salt of silicie acid; a compound of silica with one or 
more alkaline or metallic oxides. 

The difficulty of an exact definition of glass lies in the fact that while 
elass is regarded as a chemical compound—a silicate—unlike most chem- 
ical compounds it has no fixed definite composition in its several varieties, 
yet the fundamental principles of all commercial glass are decidely similar. 

Composition 

Glass consists, generally speaking, of a mixture, (rather than a com- 
pound, as there is difficulty in determining the molecular composition of the 
constituent silicates), of two or more silicates united by fusion into a hom- 
ogeneous, hard, brittle mass. The nature and molecular composition of 
these silicates determines the variety or nature of the glass, according to 
the proportion of tlie base or bases associated with the silica. Silica 
(termed the dioxide of silicon, (SiO.) predominates as the essential 
element of virtually all manufactured glass. Combined with the silica are 
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such bases as potash, soda, lime and lead. The bases may be termed alkali- 
metallic oxides, and with the silica comprise the fundamental constituents 
of manufactured glass. Oxides and materials other than these are used as 
auxiliaries for special purposes, as de-oxidizing and de-colorizing agents, and 
for imparting special colors, and properties of manipulation to the product 
of the combination of the resultant silicates of potash, soda, lime, ete. 
As an example: Flint glass is composed of silica, potash, and lead; or 
silica, lime and soda; a double silicate in either case. Window glass is a 
ter-silicate of potash, lime and soda. These silicates are not separately 
formed and then fused, but are simultaneously fused together by a double 
though continuous process without any break in its continuity, by being 
mixed and charged, and then fused to completion in the pot or furnace of 
the glassmaker. 

At least one alkaline base is always necessary in the creation of a sil- 
ieate, and the quantities of the various constituents vary according to re- 
sults desired. These proportionate quantities are determined by experience 
establishing formulae for the various glasses. These formulae constitute 
the basis upon which a glassmaker establishes his results. We have stated 
that glass is a silicate, single, double, etc.; also that a silieate is a salt of 
silicic acid, (a compound of silicie acid with one or more alkaline or metal- 
lie bases), but it is well to further illustrate the subject. Analysis of a cer- 
tain sample of glass will determine the quality or quantity of its constitu- 
ents, but it does not set forth or determine the manner of its association. It 
is known that this association is affected by heat, but it requires a further 
investigation than any analysis to determine the relationship that binds 
them together, and what chemical or physical changes heat develops, to eon- 
vert these substances into an amorphous transparent body. If we take the 
different constituent substances of any particular kind of glass, and by me- 
chanical means reduce their particles to the most infinitesimal size, and 
create a most thorough admixture of them one with another, there is yet no 
affiliation of the molecules; no adhesion or viscosity of substances; and no 
combination of atoms ensues, because this is a physical or mechanical asso- 
ciation. Hence, while it is of paramount importance in preparing the batch, 
as it facilitates the atomic combination when chemical action does ensue, yet 
of itself it effects no direct combination or molecular change of substance. 

Prior to any molecular change, the molecules of a given substance must 
become disintegrated and decomposed, and their atoms be reassembled into 
molecules of new compounds; hence, the first necessity is to break the 
cohesive bonds of the molecular structure and release the atoms. It is 
known that the cohesion between the atoms of a substance is least 
in a liquid or gaseous form, and for this reason it is necessary to reduce the 
mechanical mixture to a fluid condition, Heat is regarded as a mode of 
motion—molecular motion—and supplies the agent now in question, and 
develops, when applied to this mixture, molecular energy sufficient to create 
fusion of the substance involyed; then supposing that by fusion the sub- 
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stances are reduced to a fluid condition, and a general separation of i 
has ensued. Nature has supplied a certain form of general attraction oe 
chemical affinity which, the moment the cohesive bonds are broken, sere s 
itself and re-assembles the atoms, and arranges them into molecules of new 
bstances and compounds determined by the nature of their affinity, as 
the atoms of another substance, sometimes combining in several ogee 
proportions. Silica is a prominent example of the latter as it unites ag : 
the same metallic oxide in several different proportions, which is eee ; 
by the fomulae of the silicates of sodium, Na,O, Si0,: _2Na,0, oad 
Na,0, ,Si0,: Na,O, SiO,, When we mix sand (the commercial represen! a 
tive of silica) with lead (PbO.) (Litharge), and setae a ee a 
fusion to a state of fluidity, it will be found that the silicia unites h - 
lead, forming silicate of lead; likewise the energy excited in Be ica Y 
heat is sufficient to decompose the earbonates of potassium, so ium oe 
calcium, creating corresponding silicates of these bases. Hence it is no 
too much to assume, that if the result of the fusion of sand and lead : 
silicate of lead; of sand and potash the silicate of potassium ; of eand ae 
soda the silieate of sodium; of sand and lime the silicate of ees 7 
if these same substances be mixed and fused together simultaneously the 
yesult will be a mixture of the same silicates. The silica combining pro- 
portionately with affinity. os : ‘ 

While the special action of the various silicates will be ee 
(see Raw Materials) it may be well to remark here a quality belonging 0 
a mixture of silicates; which is the fact that the fusing point of a ee 
is considerably lower than the mean of the fusing points of the seccr 
constituting the mixture. Thus a glass containing three or HGRe — 
is more fusible than a glass containing two silicates only, but less ha ec 
in structure. Experience teaches a elassmaker that as he increases Hn ene 
percentage of alkali, or oxide, in his batch, he lowers its hehe ts 
put the product becomes softer, and while its density or specifie gr ia a ini 
have increased, yet its nature deteriorates. — Siliea is an essentia enact 
and the value of the product depends upon its proportion, and Soeip APE 
as its percentage is decreased, or the percentage of alkali or pete 7 
creased, It is well to bear in mind regarding the fusibility of the different 


alkaline bases, that they contribute to the fusibility of the silicates con- 


i 71 ‘tion. Of these the silicates of sodium and potassium 
sistent with proportion nes: Ac lecsemn ci cheney 


ar i otassium exceeding sodium. : 
a ee ake Of these silicates of sodium and potassium 
than those of potassium, sodium or lead, but assist in the fusion in a com~- 
i Se ; 
OF oe tai to keep in mind the silica, alkalies, and oe 
comprising the principal constituents of glass, and even ee 
estimation of the quantity of each in the composition of the differen ] inds 
of glass, yet, even in different specimens of the same variety, the propor- 


su 
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tions are so indefinite as to exclude all possibility of any definite classifi- 
cation. Chemieally there is such a variation in the composition, and com- 
mercially the names that have attached themselves to the various glasses are 


so innumerable, that a definite classification is impossible either on a 
chemical or commercial basis. 


Glass is divided into two general classes: Natural and artificial. By 
natural glass is meant that produced entirely by natural causes without any 
assistance from man. These natural glasses are found principally in the 
vicinity of voleanoes, and are known as mineral obsidian, Peles’ hair, ete. 
Other natural glasses are known as water glasses, and are found in certain 
springs, and absorbed in certain basaltic rocks. Artificial glass is that glass 
produced in the arts, and: manufactures, including the various glasses of 
chemistry. 

These two general classes (especially artificial) are sub-divided, and 
the divisions titled according to cireumstances. As the natural glasses have 
no special bearing on the subject, we will confine our classifications to the 
artificial glasses. As a chemical classification, that of Ure, which while 
not absolutely correct in some details, will fairly illustrate the subject. 

Soluble Glass. 
A simple silicate of potassium or sodium, or both. 
Crown Glass. 
A silicate of potassium and calcium. 
Bottle Glass. 
A silicate of calcium, sodium, aluminum and iron. 
Common Windew Glass. 
f sodium and calcium, sometimes potassium. 
Plate Glass. 
A silicate of sodium or potassium, calcium and aluminum, 
Ordinary Crystal. 
A silicate of potassium and lead. 
Flint Glass. 
f potassium and lead. 
Strass. 
A silicate of potassium and lead, still richer in lead. 
Enamel. 


A silicate ¢ 


A silicate 


Silica and stannate or antimoniate of potassium or sodium and lead 
(highly alkaline). 

Much of the so-called flint or erystal glass of present manufacture, is 
generally a silicate of sodium and calcium, ealeium superseding lead, and 
sodium superseding potash. ‘The present opportunities for procuring raw 
materials nearly pure, have altered the constituent silicates to a great 
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extent, both economically and effectively. 
Commercial usage has appavently established four general and prac- 
tical sub-divisions, viz: 


1, Plate Glass. 
Which comprises; rough plate, rolled plate, ribbed plate, and polished 
plate, having an approximately composition about as follows: 


II. Window Glass. 
Which comprises; ordinary sheet; colored, painted or without color. 
The different methods of applying colors occasion different processes as: 
pot-metal, double or flashed, stained glass, or crown glass. Approximately 


the composition of window glass is: 
ileal fechas ent. : 
Bodata.. ate eras 
TVMOY f..5 15 350 oe 


1% 
13% 


II. ‘Flint Giass. 

This term has an extensive application, and includes principally all 
common or lime flint, or crystal glass. Its approximate composition being 
about as follows: 

Silica 3% 
Soda Sie esp TS BOG to 5% 
| ihre g eRe ee SOOT EWP aco toes Bae Bie averale tie 10 to 12% 

Lead flint is of greater specifie gravity than lime flint, and is really 

the true flint glass. Its composition being about: 


Potash 
Oxide of lead...... 2 1 308% 
Strass’ is another flint glass very Reta in ead; and used principally in 
the manufacture of artificial gems. Its composition being about: 


Siliea... SSaS AE SONS 38% 
Lead. Sretats x Pats dha, Aaxdavn, Bows scar 53% 
Potash Op eatEEMt Necamaadh, eerie cea: Nac 8% 


ed as a flint glass, being both a lead 


Optieal glass may also be class 
and lime glass. 
IV. Bottle Glass. 
This is a glass coarse and inferior in quality, used extensively for the 
commonest grades of bottles and hollow-ware, and is usually of a greenish, 
amber, or black color. Its composition is aan as follows: 


Silica - 60% 
Lime -20% 
Potash 3% 
SLOSS we ye vesarh aie peety eset Bee oral ea ensusie PaO eregntaaiey Rs - OA% 
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PAN IRIN Air ove mle a a oisl cys) cia antohee ma einen aca 0.1% 

The iron and alumina occur as impurities in the minerals. 

Other Classifications. 

There are other varieties which might be mentioned. By special man- 
ipulation glass acquires such titles as, hardened or toughened glass, spun 
glass, ground, blown, pressed, cast, etched, engraved, figured, cut and em- 
possed glass, ete.; besides the enamels, iridescent glasses, ete. To further 
illustrate, a classification according to place of manufacture might be made 
as: Venetian glass, Egyptian glass, English glass, Bohemian glass, Ameri- 
ean glass, ete. So taken as a whole, a definite classification is perplexing. 

PROPERTIES OF GLASS. 
(Chemical and Physical.) 
Viscosity— Disintegration —Devitrification —Decay —Specifie Gravity— 
Duetility and Elasticity—Expansion—Contraction—Tension—Tensile 
Strength—Metallic Combinations—Non-Conductivity—Ividescence. 


The composition and the production of glass are curious, as it pos- 
sesses peculiar chemical and physical characteristics which are entirely 
remote from any other material, and which isolate it as a capricious 
substance, 

Viscosity. 

Possibly the most important property of glass is its curious condition 
of viseosity. The erude materials when exposed to heat, decompose and 
generate gases, the evolution and expulsion of which carry off a major por- 
tion of all impurities, allowing the silicates to assume their various com- 
binations and create glass, which assumes during its creation, by imper- 
ceptible stages, a liquid condition. In this condition it is too fluid to be 
adapted to the various processes of manufacture, but as the heat is dimin- 
ished, or as it is chilled by exposure to air, it acquires a condition of vis- 
cosity; a condition intermediate between liquidity and solidity. In its 
viscous state it is ductile and tenacious, and is best adapted to the princi- 
pal processes of manufacture. As the heat is allowed to diminish, or by a 
continued exposure to air, it rapidly assumes a solid condition; hard and 
brittle. We have herein a substance susceptible of a triality—so to speak 
—of condition; ineluding a transformation from crude opaque to almost 
perfect transparency. 


Disintegration. 

When hot glass is cooled rapidly it becomes very brittle, especially if 
the pieces are thick. The reason for this is that the exterior cools more 
rapidly than the interior, which prevents a uniform contraction, and excites 
an undue tension that strains the molecular structure of the glass. By the 
exterior cooling while the interior is still hot, the molecules of the exterior 
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become fixed, and as the interior cools it cannot contract; this produces an 
undue molecular strain. Glass in this condition is easily affected by changes 
of temperature, the weather, slight vibrations, ete., which break the strained 
bonds of cohesion. This property is best illustrated by small pieces of glass 
known as ‘‘Ruperts’ drops,’’ or ‘‘devil’s tears,’’ which are prepared by 
dropping small pieces of very hot glass into water, and removing them as 
quickly as possible thereafter. This gives a piece of glass with a hard- 
ened or chilled exterior, while the interior remains heated. Dumas explains 
this phenomenon of glass by stating: ‘‘That as the outside is at once con- 
densed or contracted by cooling, while the inside remains hot and conse- 
quently more distended, and when at last the central and more dilated parts 
of the drop become cool they must have retained points of adherence to the 
surface, and consequently occupy a larger volume than that which agrees 
with the temperature to which they are reduced. The central molecules 
therefore, must be much distended and exert a more powerful contracting 
influence on the surrounding parts. At the instant when a part of the 
envelope or outer portions is broken the molecules held by it briskly eon- 
tract, draw in with them all the others and thus determine a multitude of 
points of rupture; and as the effect is instantaneous the particles move 
very rapidly, and drive out the air before them producing a sudden dilation 
and contraction of the latter.’’ Again, if a similar drop made in the same 
way be taken and without fracture be buried in sand and reheated to the 
point of ductility and allowed to cool slowly with the sand, it will regain 
its normal condition, that is, the condition of glass whose molecular cohe- 
sion has not been strained; and it may be broken with the same kind of 
fracture and facility as ordinary glass. (See Annealing). 


Devitrification. 

Vitrifieation means a conversion into glass or a glassy substance by 
heat and fusion. Hence, devitrifieation means the act, or process of de- 
priving glass of its lustre and transparency. This is another curious feat- 
ure of all glass, and by undergoing this remarkable change glass becomes 
dull, opaque and porcelain-like. Devitrification is nothing more or less 
than a erystallization of glass, as ordinary glass lacks crystalline structure. 
Glass manufactured by ordinary processes is cooled suddenly, and the ex- 
cessive internal tension thus eaused is counteracted and reduced by anneal- 
ing, but when the mass of metal is cooled slowly it acquires a crystalline 
structure. 

A mass of metal repeatedly reheated becomes thoroughly devitrified in a 
short time, becoming tough, fibrous, hard in nature, difficult to fuse, and 
with a multitude of solid grains disseminated throughout; full of ‘‘striae’’ 
and semi-opaque matter. A moment’s thought will expose in this feature, 
one of the glassmaker’s arch enemies; a generator of cords and stones, and 
hard natured, lumpy glass, in a general way. The change of substance and 


| | 
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structure is effeeted by repeated reheati or takes place when glass is 
kept for any great length of time at a temperature near its melting point. 
If a workman in manipulating a piece of glass has oceasion to reheat it an 
unusual amount, all phenomena of devitrification become manifest. The 
supposition is that the change of structure is effected by the partial separa- 
tion of certain silicates (especially lime, as it is known that an excess of 
lime renders glass refractory and more liable to the action of devitrifiea- 
tion); and by the more fusible alkaline silicates fusing at a temperature 
which is insufficient to melt the more refractory silicates. 


While most glass is subject to this change, that of a complex composi- 
tion is more liahle to be affected; but those glasses with bases containing 
the earthly materials in excess, as lime, alumina and magnesia, devitrify 
easiest. Reaumer, Dumas, Pelouse, d’Arecet, and others labored to devitrify 
glass on an industrial scale, but with indifferent success. M. Garche dis- 
covered a product not many years ago which he called Ceramo-crystal, and 
in this discovery he obtained that which other savants had sought in vain. 
They endeavored to devitrify the finished article of glass. M. Garchey 
devitrified the glass first, and then gave it form, and by so doing created a 
definite product, and at a nominal cost. The product by this process is a 
ceramic stone; unaffected by temperature, water, or acids; and it will with- 
stand a general wear and tear that free-stone will not. 

Devitrified glass may be restored to a vitreous condition by fusion. 


Decay of Glass. 

Glass is subject to decay, both natural and artificial. We assume that 
glass ig a remarkably hard substanée, devoid of erystalline structure, im- 
pervious to both liquid and gaseous fluids, and with ordinary use resists the 
action of water and alkalies, and, with a single exception the action of all 
acids; preserving all its beauty, retaining its surface, and not losing the 
smallest portion of its substance by the most frequent use; but under cir- 
cumstances of ordinary use only, as all glass is affected by caustic alkalies, 
especially in concentrated solutions which deprive it of its silicie acid. 
It yields readily to the corrosive action of hydrofluoric acid which deeom- 
poses the silicates of its composition, forming fluorides of its silica, and its 
metallic bases. Sulphuric, nitric, hydrochlorie and phosphoric acids under 
favorable cireumstances will also decompose certain varieties. Even pure 
water by prolonged action exerts a decomposing influence, especially if 
boiling. Emmerling in his investigations found that the action of boiling 
solutions (including water) upon glass is, within certain limits, propor- 
tionate to the length of time exposed, and amount of surface in contact 
with the action of the liquids. 

Most acids in a dilute state, except sulphuric, attack glass less than 
water; but the solvent action of solutions of salts whose acids form in- 
soluble caleium salts, as sulphates, phosphates, carbonates and oxalates, is 
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ereater than that of water, according to the concentration of the solution. 


Again, in solution of salts whose acid form soluble calcium salts, such as 
chlorides, nitrates, ete., the action is less than water and decreases with the 
concentration of the solution. It may be further said that with boiling 
liquids the action decreases in proportion to the decrease in temperature of 
the liquid. The foregoing may serve as illustrations of some of the prin- 
cipal agents of artificial decay. The causes of natural decay are: The 
atmosphere, the earth and their contents. The corrosive elements in all 
cases being moisture, assisted by earbonie acid and ammonia. 

About the first sign of decay in glass is a colored tinge or iridescence, 
with a gradual increase to opacity, and finally decomposition. In a case 
of natural decay this process may require a lapse of years. But glass pos- 
sesses internal enemies that are more formidable than its external, and an 
elimination of these internal influences would debar all exercises of natural 
decay, as the actual decay of the substance of glass is brought about by an 
excess of some of its constituents, generally its alkaline bases. It is known 
that the resistance to decay is increased or diminished as its composition 
varies to or from that required to form a definite chemical compound; and 
its constituents dissolve in about the same ratio as they are contained in 
the glass. Glass containing a large amount of alkali when exposed to 
atmospheric moisture, for instance, is attacked by the simultaneous action 
of the moisture and carbonic acid. On account of its excessive alkaline 
base, a soluble silicate has been formed, which decomposes more rapidly 
under the decomposing influences than would a glass rich in silica, leaving 
a surface pitted for the collection of additional moisture and consequent 
forces to aid in its destruction. Therefore, a glass rich in silica is better 
adapted for its durability. Some ancient glasses which were alkaline in 
structure owe their preservation to the presence of lime in their composi- 
tion, although present as an accidental impurity. Some window glass, 
especially if of an inferior grade, presents illustrations of natural decay. 
A dullness of color after a lengthy exposure to the elements is a character- 
istic. This partial opacity is brought about by the combined action of the 
carbonie acid and atmospheric moisture, which develops an insoluble erys- 
talline film of silica upon the surface of the glass, that is a result of the 
elementary action upon the silicates of its composition. 

Laying aside the fact that chemical action has been determined as the 
principal agent in the decay of glass, other influences also physically exert 
disintegrating powers which seem sufficient to account for at least a part 
of its decomposition, or rather disintegration. Windows exposed to sun- 
light absorb a certain amount of heat, which warms and expands them each 
day, and vice versa, they cool and contract each night. To accomplish this 
an infinitesimal pulsation of the molecules evidently takes place with every 
change of temperature and minute as these tiny pulsations are, they repre- 
sent the expenditure of a large amount of energy. Joule calculated that a 
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pound of glass in passing through 100 degrees C, had its molecules sub- 
jected to a force sufficient to raise 11,600 times its own weight to a height 
of one foot. Think then of the prodigious energy expended in a window 
pane which has been exposed to the heat of the noon-day sun for years, its 
molecules swaying with vibrations of temperature up and down. It is not 
the actual strength or force of the vibrations, but the number of times the 
tides of expansion and cuntraction have ‘‘ebbed and flowed’’ through its 
substance. 

Surely this then is sufficient to break apart the bonds of mutual attrac- 
tion and create strata and laminations. Irregularities of expansive power; 
conductivity; or radiation, may even account for irregularities in lamina- 
tion. Hence, we can but assume that the dynamic influence of heat and cold 
aecelerate the phenomenon of decomposition in g!ass. 


Specific Gravity. 
Refraction and Reflection. 


From a point of view relative to the manufacture of the ordinary glass 
of commerce, but little attention is paid to its specific gravity, but for the 
grades of glass intended for the refraction of light, as, object glasses, 
lenses, artificial gems, ete., the specific gravity is of importance, as the light 
refracting power of a glass inereases with the increase of molecular weight, 
and is artificially increased by the addition to its composition of materials 
which will add to its density, though density and power of refraction are 
not strictly parallel. To a very great extent the specific gravity of glass, 
like its brillianecy, varies with its composition; the heavier glasses being 
the most brilliant, as well as the softest. Hence, lime glass is lightest, bottle 
glass next, and lead glass is the heaviest. The temperature during vitrifi- 
cation also influences the density of glass, it being always least when the 
temperature has been greatest, occasioned possibly by a greater evolution 
of volatile matter. 

A table of the approximate specific gravity of some of the different: 
glasses follows: 


Lime Glass, Bohemian 
Plate Glass... 
Plate Glass. 


(Dumas) 
448 (St. Gobain) 
2.5257 (Faraday) 


Plete (GlERR Wes oe. np..eelee Bins ee eee on 2439 (Muspratt) 
Window. Glass ic, d. css as oieces vor sacle 2.642 (Dumas) 
Bottle Glass... ‘ . 2.732 (Dumas) 
Bottle, (Glassen. 2.4%, veneers Sete ce 6 2.715 (Muspratt) 
Lead Glass (Crystal flint).......2.900 to 3.255 (Dumas) 


Lead Glass (Optical)..... . .3.300 to 3.600 (Dumas) 
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Ductility and Elasticity. 


Ductility of glass is analogous to viscosity, and while in a viscous con- 
dition it can be spun into filaments of great length and fineness, or blown 
to such thinness as to float upon the air, and ean be molded into any form, 
retaining in cooling its transparency and lustre. When cold it cannot be 
wrought, as it becomes at once hard and brittle. While glass may be 
termed the synonym of brittleness itself, yet its elasticity is such that when 
hot it may be spun into minute threads, which when cold may be bent, 
twisted, woven into cloth, and even tied in knots. Its elasticity is a remark- 
able phenomenon and exceeds that of almost any other substance. This 
property is best exhibited when in the curious condition of glass-wool; or 
if a ball of glass is let fall upon an anvil it will rebound two-thirds the 
distance of its fall; or again if two glass balls be made to strike each other 
with a given foree their recoil will be nearly equal to the original impetus, 
due to their elasticity. When a substance is elastic it permits a play of its 
particles, so that they return to their original position when the disturbing 
force is removed. 


Expansion and Contraction. 


One of the effects of heat is expansion, or increase in volume. All 
substances expand when heated, and contract when cooled. Some of the 
effects of this phenomenon in glass have been mentioned. Heat is the 
result of molecular energy. The molecules of any substance are in a con- 
stant vibratory motion, and the velocity of this motion determines the 
degree of heat. As the temperature increases, the mutual repulsion of the 
particles of heat overcomes the cohesive attraction of the molecular strue- 
ture of the substance into which it enters, making them less dense than be- 
fore, thus enlarging their dimensions and causing what is termed expansion. 
(a) What is true of expansion is reversed for contraction, thus: Expan- 
sion increases with the inerease of heat; contraction increases with the 
decrease of heat. } 

(a) See Order of Expansion, Appendix. 

In the manufacture of glass the various processes of annealing are for 
the purpose of eliminating the deteriorating effects of contraction. The 
expansion of glass has also been duly provided for in manufacture, as of 
yecent years the efforts of manufacturers to weld together glasses of dif- 
ferent natures and thickness for commercial purposes have given rise to 
research upon the subject of expansion. 

A report recently made by Dr. Schott, from which we quote, says: 
«That in the ease of silicious glasses the co-efficient of expansion increases 
with the percentage of alkali.’’ When one kind of glass is to be welded 
upon another it is not necessary that the co-efficients of expansion should 
be approximately equal. Indeed it may be advantageous, he further says, 
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to superpose a second glass of very different expansibility, as the articles 
made are never called upon to withstand a temperature so great as that at 
which they were originally formed. In 1885 Tscheushner illustrated by 
means of glass-wool, that a glass rod composed of two halves of different 
co-efficients of expansion, but approximate solidifying temperature, used 
together must, when spun, produce spontaneously a curly fibre, the diameter 
of which will be: 
(2-++t) (a-a’) 
b=s ——————_ 
t (d-d’) 

wherein a and a’ are the eo-efficients of linear expansion per 1 degree C, of 
the two glasses; t the solidifying temperature, and s the thickness of the 
thread. Compound glasses are thus increased in tensile strength and resist- 
ance to a change of temperature by combining at fusing temperature two 
separate glasses possessing different co-efficients of expansion. 

It may be best to speak of contractility rather than expansibility, since 
it is the phenomena of cooling after fabrication which chieflly need atten- 
tion. Lf two plates of glass be welded together, and after cooling the double 
plate is curved, the more contractile glass will be on the inside. If two 
such plates are molded on a eurved surface, the more contractile being on 
the outside, then after cooling the inside layer is kept stretched, the outside 
layer being on the contrary compressed. A vessel so constructed would be 
similar to a thick walled vessel which had been quickly cooled; such a-ves- 
sel breaks if the inner stretched layer is seratehed. On the other hand, ves- 
sels are greatly strengthened if both the inside and outside layers of glass 
are in a state of compression. This is the case with vessels composed of a 
single kind of glass which have been rapidly cooled by plunging them in 
oil; (see annealing), or with vessels made in three layers, of which the 
middle layer is the most contractile, so that the outer and inner layers 
are kept in a state of compression. Vessels so constructed have an import- 
ant advantage over those formed by cooling in oil, viz.: The properties of 
glass are not altered by subsequent heating. 


Tension of Glass. 

The tension and enforced equilibrium of a mass of glass rapidly cooled 
ig exhibited by the application of an extremely hot substance to a cold 
piece of glass; or vice versa, which creates in the first instance an unequal 
expansion; in the second instance, contraction of the glass, which causes a 
fracture at or near the point of contact. A cold glass vessel immersed in 
yery hot water will sometimes become badly fractured, dependent upon the 
uniform thickness of the walls of the vessel; tension being excited between 
the thick and thin parts. Sudden cooling at any one point of a heated 
piece of glass, as the impact of a moistened instrument, or the fall of a 
single drop of water, causes a fracture at that point. Glass workmen take 
advantage of this fact in their vocation. 
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Tensile and Crushing Strength. . 
The tensile strength of a substance is its resistance to an enforced 
separation of its parts (pulling apart). The tensile strength of glass is 
given at from 2,500 to 9,000 pounds per square inch, according to variety. 
The crushing strength has a higher estimate of from 6,000 to 10,000 pounds 
per square inch. The tensile strength of glass is considerably higher than 
that of granite. The crushing strength of glass and granite are about 
equal. Much depends upon the glass, how annealed, ete. ‘he resistance is 
greater, of course, in glass well annealed, as there is less structural lamina- 
tion and undue internal tension, than in glass improperly cooled. 
Manufacturers have experimented in a direction to determine a method 
to increase both the tensile and crushing strength of glass, but to a certain 
extent without any important or definite result from a commercial stand- 
point. Their experiments have been conducted with the assumption that 
the fragility of glass is due to the cohesive weakness of its molecules, and 
that if the molecules could be foreed closer together, thus rendering their 
mass more compact, the strength of the material would be increased. They 
have endeavored to bring about this result by cooling the glass in various 
ways. (See annealing). 


Glass and Metallic Combinations Under Process of Heat. 

It may seem strange, yet it is sometimes necessary to solder glass and 
metals together. This has not only been suecessfully accomplished, but the 
combinations may be carried to a greater extent. If glass be heated to the 
melting point of aluminum, (700° C,—1,292° F,) the aluminum may be 
spread upon the surface of the glass with an iron spatula, and the adhesion 
of the metal is vigorous. In like manner magnesium (M. P. 455° C,—850° 
F,) also adheres, but much more readily when heated; but, the facility with 
which it is oxidized renders it less suitable for the purpose. The same may 
be said of cadmium, (M. P. 230° C,—446° F,). Zine at a moderately high 
temperature possesses similar properties, (M. P. 412° C,—773° F.) Ordin- 
ary plumbers’ solder, alloyed with a small percentage of magnesium, ean 
be spread on glass like wax. These alloys, however, are rapidly attacked 
by atmospheric moisture. Tin (M. P. 228° C,—433° F,)—alloyed with 10 
per cent of aluminum spreads easily, and is more stable, but requires a 
higher temperature for its use. An alloy of tin with two to five per cent 
of zine has been found to work well. In experimenting in this direction the 
glass must be perfectly clean, and no flux is required. It is advisable to 
moderate the temperature, as oxidation becomes energetic if it is raised 
too high. An ordinary soldering iron can be used. 


Non-Conductivity of Glass. 
As heat is generated by a motion of molecules, so it is transferred or 
conducted by the transfer of the motion of some particles to other particles. 
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Glass is a poor conductor of both heat and electricity, especially those 
glasses rich in silica. Thus those glasses rich in alkali make bad insulation. 
This non-conductivity of glass is a peculiar property; if we stand by a 
window on which the sun is shining, we feel the warmth of the sun, but if 
we touch the window pane we find it cold; yet if we take this same piece of 
glass and place it between us and an ordinary open fire, it will shield us 
from the heat, but will become rapidly heated itself. In the first instance 
it transmitted most of the heat, and in the latter instance it absorbed it. 
This is a remarkable peculiarity, and while plate glass may absorb but five 
per cent of sun heat, it will absorb ninety-four per cent of heat from a 
source of 400 degrees. Generally speaking it may be stated that glass 
transmits the luminous heat rays, and absorbs the non-luminous. 

Richard Szigmondy, of Vienna, claims to have invented a new variety 
of non-conductive window glass which is opaque for heat rays. He claims 
for his invention, that a sheet of this glass one-quarter of an inch thick will 
absorb from eighty-seven to one hundred per cent of the heat striking it. 
A comparison of the features of this new glass with ordinary glass—say 
plate glass with an absorbing power of five per cent—makes it seem impos- 
sible in some claims at least. But if it is really opaque to luminous rays, it 
will keep a house cool in summer, and tend to keep it warm in winter, as 
glass non-conductive at one time, must be so at all times. 


Iridescent Effects in Glass. 


There is occasionally seen in examples of glass, (generally ancient), 
which have been subjected to a process of decay, a wonderful beauty of 
tints of much brilliance and vividness of color. This is termed iridization, 
and the cause of this pleasing effect is the separation of the surface of the 
glass into extremely thin films, which refract and decompose the rays of 
light, giving them a prismatic effect.. Sir David Brewster expresses very 
poetically the following sentiment: ‘‘There is perhaps no material body 
that ceases to exist with so much grace and beauty, when it surrenders 
itself to time and not to disease.’’ In damp localities, where acids and 
alkalies prevail in the soil. the glass rots as it were by a process which is 
difficult to study. It may be broken between the fingers of an infant. 

This irideseence may be frequently observed in window glass that has 
been exposed to the action of the elements for a great length of time. 
That it is eaused by the action of decomposing effeets separating the sur- 
face into thin films or seales, may be shown by immersing the glass in 
water, which saturates the films and unites them temporarily into one 
transparent mass with the more central undecomposed portion, when the 
colors disappear until the water evaporates. As the water evaporates the 


films again become separated by the intervening air and the colors again 
appear. 
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It has been found that colored glass, especially blue, produces the 
most charming effects of iridescence. It may be said that the effects of 
iridescence are really due to the principle known in optics as ‘‘interefer- 
ence,’’ which is explained as follows: Color is caused by the vibrations 
of light waves of a certain definite length which, when they fall on the 
eye, give rise to the sensation of a certain definite color. The smallest 
rays impart the sensation of violet; the next in size, blue; the next, green; 
the next, orange; the next, yellow; and the next, red. When the wave 
lengths exceed those of red they do not affect the vision at all; and if the 
various waye lengths reach the eye at the same time the result is white 
light. Hence, interference may be interpreted as a retardation of certain 
wave lengths by which some are absorbed or extinguished, and others are 
allowed to vibrate and impart their respective colors. We have assumed 
that this intereference is effected by the filmy substance on the glass, but 
the nature of the film may not always be the same, in fact, is not always 
the same, and it is impossible to give one explanation of the causes which 


would apply to all cases. A thin film of any transparent substance applied: 


to the surface of glass will produce interference; or the glass may be blown 
to such a gauze-like thinness that its own substance forms sufficient inter- 
ference, and will glow with color; or again, glass may be so laminated that 
its upper strata will produce the necessary interference. 

As to when, and how the film on the glass arises is still a question. 
The film does not always appear to have been derived from the glass; for 
instance, where it has been removed the glass has been found beneath quite 
smooth and polished. Peligot decided that the film was composed of silica 
and earthy silicates which may have been derived from the rain being 
impregnated with a certain quantity of silica, derived from the soil over 
which it ran. But while the exterior film may originate in this manner, 
the glass by continued exposure to the elements begins to undergo a change 
of structure, and the microscope will show that beneath this exterior film 
\after removal, the surface of the glass is dotted all over with tiny holes 
and hollows; and a sign of extreme antiquity of glass is its laminations, 
being split in layers and flakes. 


The nature of the glass modifies this structural weakening to a large 
extent, as it is greatest in glasses rich in alkaline bases. In the case of 
badly decayed glass the iridescence is not confined to the exterior films; 
acids will cause these to flake off easily by dissolving the silicates, when 
it will be found that the indented and irregular surface of the glass beneath 
will glow with rich, dark colors. $ 


Tridescence has been artificially effected with fair imitations, by 
depositing very thin films of silicate of soda on the glass, but when attempts 
are made to change the glass itself to resemble and impart the glowing 
hues of antique specimens, nature demonstrates her supremacy, and her 
work is not easily duplicated. In Favrile glass, by a careful study of 
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natural decay in glass, the effects of lustre and iridescence are obtained 
by arresting the process and reversing the action in a way to obtain the 
effects, and avoid the disintegration. The niethods which have been suc- 
cessfully adopted apparently consist in so alternating the refractive power 
of the external layers of the glass that interference is brought about as 
if a film or some other substance were deposited. Such methods as the 
subjection of the glass to the vapor from yoleanie ashes, and the combined 
action of heat, pressure and weak acids, have brought about very beautiful 
effects. The latter process has been patented in France and England by 


M. Clemendot. 


COMPOSITION OF GLASS. 


The preceding pages present as a synopsis, the definition, composition, 
classification, and some of the principal chemieal and physical properties 
of glass. It is now the object to review the elements necessary in the 
practical composition of glass. As a preface to the following it is well 
to remember that it is almost impossible to lay down any rules for definite 
proportions of the different materials used in glass, as the composition of 
the different varieties is so variable as to preclude anything more than an 
approximate estimate under this heading. 

Regularly organized companies are making the preparation of erude 
materials a specialty, and a glassmaker can offer no ~easonable excuse on 
account of their impurity. Analysis and simple tests are available as an 
additional safeguard. A banishment of that ‘<will-o’-wisp’’—Luek—and a 
judicious exercise of common sense and careful judgment will almost 
invariably insure success; always remembering that, none are infallible— 
wise men make mistakes, fools make blunders. If a mistake oecurs some 
one is to blame, and a little search will locate the trouble, then ‘‘mark it’’ 
for future reference. One thing more; don’t ‘‘know it all;”’ experience 
is a wise teacher and its students are numerous, and ean very often offer 
a good suggestion. 


Raw Materials. 


If we take « sample of glass and analyze it, and determine its con- 
stituents, their nature and relation, we discover that glass is composed of 
a silieate or silicates. Chemistry teaches us that a silicate is composed of 
an acid and a base, or bases; and experiment demonstrates that the pre- 
dominating acid in the silicate glass is silica; the bases, lead, potash, soda 
and lime. It may be safely said that these comprise the fundamental ele- 
ments of all commercial glass. To these, however, may be added the 
auxiliary elements, nitrate of soda, sulphate of soda, arsenic, antimony, 
manganese, etc., ete. 

From a chemieal point of view potash, oxide of lead, lime, ete., have 
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a tendency toward the same general effect in glass, yet none of these ean 
be substituted for the other or its analogues, as their distinet necessity 
results in the production of difference of fusibility, ductility, hardness, ete. 


Silica. 

Siliea constitutes the true foundation of virtually all commercial glass, 
and is the only constituent that ig universal, entering as it does, into the 
composition of all its varieties. It participates in the constituency as an 
acid, which combines with one or more bases, either alkaline or metallic, 
and ereates the silicate glass. 

Silica is best defined from a chemical point of view, and its principal 
characteristics may be enumerated as follows: 

Silicon or silicum, (#i 28.3) is found in nature very abundantly as 
silicon di-oxide, or silica (SiO,) constituting flint, quartz, most sands and 
sandstones (proportioned one equivalent of silicon and one to three parts 
of oxygen). 

When pure, it is a light white powder which feels rough when rubbed 
between the fingers, and is both inodorous and insipid. 

Chemically, it combines with bases forming salts, called silicates. 

It resists the action of all acids except a mixture of nitrie and fluorie 
acid, with which it readily enters into a solution. 

Silica is called an acid by most chemists because it is dissolved by the 
fixed alkalies. 

It is classed as a non-metal because of its non-conductivity of electric- 
ity and lack of so-called metallic lustre, and is classed with carbon and 
boron. It resembles carbon, inasmuch as it is known in the amorphous 
state forming two kinds of crystals, which resemble graphite and diamond. 

By nature it is quadrivalent, i. e.: Its molecules have four points of 
affinity or contact. 2 

Of itself, silica is incombustible in open air, or in oxygen gas; even 
exposure to the flame of the blow-pipe effects no fusion or change of form. 
A reducing agent is nécessary to effect its fusion. 

While siliea is present in all silicions glass, the relative proportion 
used differs greatly, not only in different varieties but in samples of the 
same variety, owing in part to the inequality of its distribution in erude 
materials. Almost the entire nature and quality of glass depends upon 
the amount of silica in its composition; its relative hardness especially 
depends thereon, although it is sometimes affected by the counteraction of 
the alkali or oxide used as a base. Lead. for example, tends to soften glass, 
making it more fusible and lustrous: while on the other hand, lime has a 
tendency to assist in hardening, making it more refractory and less sus- 
septible to the action of acids and alkalies. An excess of alkali as a base 
‘tasses were of a soluble nature. And again, we owe the preservation ol 
renders it soluble. Owing to the excessive alkaline bases some ancient 
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other ancient glasses to the presence of lime in their composition, although 
there as an accidental impurity. 3 7 
a The resistance to melting and fusion imereases with the percentage of 
silica used. Experience teaches the glassmaker that, as he inereages the 
basic percentage in his batch, he lowers its point of fusion, but the product 
is softer; and while its density or speefiie gravity may have increased, yet 
its nature deteriorates in certain values. The resistance to corcoeion ani 
decay in glass also increases with’ the percentage of silica, provided the 
variation is not too great from or to that required to form a definite chemi- 
cal compound. The conduetivity of heat and electricity decreases with the 
inerease of siliea in glass; hence, a glass poor in silica is not suitable for 
electric purposes. 

Silica is now used in glassmaking almost uniyersally in the form of 
sand. This was also the practice among the ancients, sea and river sand 
being the earliest forms of silica used. In sand is presented the most avail- 
able means for obtaining silica, not only from an economical point of view. 
but in many cases it is of greater purity and value ag a material Peg iicine 
but a nominal preparation for use; glass made from natural shag being 
superior in every respect to that made from artificially prepared flint and 
quartz sands. Modern glass houses until some fifty years since, procured 
siliea for the finer grades of glass by the expensive process of arushing and 
washing flint and quartz. The common title ‘flint glass’? evided tyrone. 
inated therefrom. Even yet in certain European countries, where good 
sand is scarce, not only flint and quartz, but certain silicious rocks are 
used. Some of these rocks contain a large percentage of soda and potash 
Some foreign basaltie rocks would require the addition only of a small rece 
centage of lime to be productive of glass. (Insofar as the necessary con- 


stituents are concerned.) One of these rocks, St. Gothard granite, shows 
by analysis, ‘ ‘ 


Silica. ig fi 65.75% 
Alumina ; Oe Weta ae? 
OxidGof Hotes aasfetes Ys ieee Science eetines 
Lime. ... trace 
Magnesia....... .trace 
BOdaioisisau.o8 sates i 14.17% 
IPOGRSHS, .:2,3.ds.s, Sosa tinceese a A -» 144% 


rr which an addition of about ten per cent of lime would make a very fair 
glass. ; 
There are various grades of sand, which contain different percentages 
of silica: but where freedom from color, perfect transparency and bril- 
liance are essential, if is important to use the best grades of sand obtain- 
able, as slight impurities, especially iron, even though present in but small 
quantities, will seriously impair all desirable properties in the glass. How- 
ever, when quality is a consideration secondary to cheapness of production, 
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the quality of the sand is not so essential, as both iron and alumina are 
sometimes purposely added. The chief impurities in sand are iron and 
alumina, and the alumina is generally in the form of clay, loam, gravel and 
organic matter. Some of these impurities can be removed by burning and 
washing, but the iron and most of the organic matter can only, be removed 
or neutralized by chemicals. Iron is the most dreaded of all impurities, 
as it not only destroys the color of the glass, giving it a greenish cast, but 
it is exceedingly difficult to neutralize its effect. Manganese is used to 
counteract this greenish color by neutralizing with its purplish tint the 
green into that limpid whiteness of color so desired in glass; but glass so 
decolorized is liable under the action of sunlight to acquire a purplish 
tint. However, practically this does not affect the use of manganese. As 
to the allowance of iron in sand for any kind of glass, there should not be 
more than one-half of one per cent, while for the finer grades of glass the 
least amount of iron possible. 

Tn examining sand as to its value for glassmaking purposes, microsco- 
pie examination is the best test, observing the following points: Tt should 
he perfeet!y white in color. It should not be very fine. The grains should 
be uniform, even and angular, rather than rounded. In very fine sand the 
grains are smooth and rounded, and ean only be used with difficulty, and 
very uncertain results, as such sand is liable to settle to the bottom of the 
‘batch’? and melting pot, preventing an even mixture of materials, pro- 
ducing consequently a glass uneven in nature and quality. Another test 
for sand is an acid test, in which the sand is heated in an acid. Sand so 
heated should not effervesce; effervescence indicates the presence of lime. 
Tt should not lose color; loss of color indicates the presence of clay, loam, 
or other foreign substances. Oxide of iron can be discovered by boiling 
the sand in hydrofluoric acid, and dropping into the solution thus formed 
a few drops of yellow prussiate of potash in solution; the beautiful blue 
precipitate indicates the presence of iron in the most minute quantities. 
Use care in handling the acid and avoid inhaling the fumes that arise from 
it. Conduct the boiling in a small lead crucible, and heat it over a sand 
bath. Dilute the solution formed (when cool) with distilled water; pour 
into a test tube and add a few drops of the re-agent, using a glass rod or 
any convenient dropper. 

These tests are simple qualitative tests and only indicate in a general 
way, the qualities of the impurities present. For an aceurate knowledge 
of the quantity, a quantitative analysis is necessary. 

The organie matter which carbonizes in the pot during the process of 
melting is removed as carbonic acid by the use of arsenic, which is termed 
the great decarbonizer in elassmaking, as manganese is termed the great 
decolorizer. These decarbonizers ars known as ‘‘brighteners,’’ and puri- 
fiers. A great many glassmakers have adopted antimony and have discon- 
tinued the use of arsenic; economy suggesting the substitution. 
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Analysis and color are not always indicative of the quality of the sand 
as there have been instances when two kinds of sand, shown by test aa 
analysis to be precisely similar, have produced different results ‘as acces 
both color and quality of glass. Some yellow sands contain less iru, for 
instance, than other white sands, As a general rule, most avi feel in 
glassmaking occurs as sandstone, and is quarried in bloeks, whieh must 
he crushed and prepared for use. In other eases while the sand oceurs ns 
rock and must be quarried, it rapidly disintegrates on exposure to air and 
moisture. At other quarries where the formation is saccharoidal 
or sugar-like the sand rock has a very weak bond, and is rapidly detached 
from place with a pick, rapidly falling into a fine sand. All of these sands 
must undergo a process of preparation before they become suitable ioe 
glassmaking purposes, by a process of crushing (when necessary), washing 
and drying. Burning is sometimes necessary (being an amie aoe 
sity) when the sand contains an excess of organic maather: as in some ae 
posits of sand in which the available percentage of silica would ines high 
yet being so situated that the percolation of surface water for ages nes 
carried so much decayed vegetable matter so far down through icky aa: 
as to render actual burning necessary to restore whiteness of color and 
free it from the excessive organic matter. The heat of the furnace in rele 
ing, however, is generally sufficient, the carbonized matter being al off 
as carbonic acid by the use of arsenic as explained above. r 

While most of the sand used is quarried or mined, some glass is still 
made, as was the earliest glass, from sea and river sand; this eencrally 
being used, however, for the cheaper grades of glass. The quality of the 
sand is always an item of importance to the manufacturer of glass, and 
in many instances has determined the location of the plant for eich retin 
facture. This was especially true in earlier times. England, France, Bel- 
gium, Austria, Sweden and America, each have their quota of good sands. 


American sands, especially, show supremacy over all others, many of 
them being free from excessive organie matter and in an almost absolute 
state of purity, and the supply nearly inexhaustible. Throughout America 
fee vast deposits and unmeasured veins, many of which show by analysis 
99.90 per cent pure silica. This is especially true of the deposits found in 
the New England states, New Jersey, Maryland, Pennsylvania, Illinois, 
Missouri, Minnesota, and various other states. E 

England produces some very good glass, but her sands are not as good 
as others ; Alum Bay in the Isle of Wight, furnishes probably the Hest, of 
which the following is an analysis: . ; 


Silica 2 re oe : we ae Z ae 97% 
Alumina, magnesia, oxide of iron..... woes 0.2% 
IM Koy 1b pereee ye eke Rp NSE Shore Cae crn 0.01% 


French sands are taken as a rule from the quarries in the forests of 
Fontainebleau. These quarries furnished sand for England, Belgium and 
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Germany for some time. One analysis of this sand shows: 
OIE Greys ee a 98.08% 
Magnesia, oxide of iron......-.++-++seeee5++ 0.07% 
MO re bt pote: a sictanatate baneeer eerie 8 S)elete tis pater = 1L0B9% 

Summing up the whole: Sand enters glass as its principal constituent, 
becoming the aeid of its composition, giving it its hardness and strength 
in proportion, its so-called metallic nature, its limpid color (according to 
purity), its uniformity of manipulation and its brilliant transparency. 


A Method of Analyzing a Compound to Determine Silica, 
Alumina and Iron, (Comstock). 

Reduce the substance to an inpalpable powder in an agate mortar, 
and mix with three times its weight of carbonate of potash, or soda; and 
decompose at a red heat in a platinum crucible. The mixture is then di- 
gested in dilute muriatie acid which effects solution. Evaporate solution 
to dryness, using care in regulating the heat near the close of the process 
to prevent the dissipation of the chloride of iron in vapor, as it is very 
volatile. By evaporation the siliea previously held in solution by the acid 
is deprived of its solubility, and by digesting the dry mass in water acidu- 
lated with muriatie acid, the alumina and iron generally present are taken 
up and the silica is left in a state of purity, which is collected on a filter, 
carefully eduleorated, heated to redness and weighed. 

To determine the iron, a considerable excess of a solution. of pure 
potassa is added to the clear liquid containing the iron and alumina, which 
throws down these oxides and dissolves the alumina. The per-oxide of iron 
can the nbe collected on a filter edulcorated until the washings cease to 
have an alkaline reaction, and well dried on a sand bath. Forty-nine 
parts of this hydrated peroxide contain forty parts of the anhydrous per- 
oxide of iron. To determine the alumina the liquid in whieh it is dissolved 
is boiled with sal-ammoniac, when the alumina subsides. As soon as, the 
solution becomes neutral, collect the alumina on a filter, dry by exposure 
to white heat, and weigh quickl after removal from the fire. 


Bases and Other Materials. 

As has been stated previously, the bases are necessary as redueing and 
combining agents with the silica in the formation of the silicate glass, and 
the fusibility of the batch is inereased with the proporton of the base or 
bases present. The bases are commonly termed ‘‘fluxes,’’ which technically 


is a name given to any substance that assists in the fusion of another sub- 
stance. In addition to aiding fusion, the relative hardness of any glass de- 
creases with the increase of the bases, (except lime). As to fusibility, the 
bases are about as follows: Lead, potash, soda, lime. As they are decom- 
posed they generate the agitation in the pot or furnace which is so impcr- 
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tant, by allowing the escaping carbonic acid to carry off the ever present 
im; arities. ; : 
Their adaptability as a base may be determined by their economical 
cae er as a reducing agent. The principal bases do not enter the bateh in 
he form in which they are found in the glass. Soda, as an example, is not 
re 3 i \ , 
be as soda, but as the carbonate of sodium, sulphite of sodium, chloride 
of sodium, or as a nitrate of sodium. In the process of melting these 
ce Monee are decomposed, the soda uniting with the silica forming glass; 
he balance of the com ing off i itesnin iheroet 
Lassen ee soe a off as a or as impurities in the form 
of “eg gall, i: he same process applies to the use of potas 
Ah cos pr potash, lead, 


Sodium Salts. 
Sodium Carbonate (Soda—Soda Ash) Na, CO,. 


; Sodium carbonate, commonly known as soda or soda ash, has mate- 
rially displaced all other bases, and constitutes the principal Bace of most 
commercial glass at the present day. All glass, in fact, contains soda in 
some form, even the glass of the ancients was a soda glass, and the analy- 
Bes of the most ancient glass known show in some cases an excess of soda 
ba nee source supplying the soda for the earliest glass houses was ieyat: 
t was called natron, and was obtained from the natron lakes of that coun- 
try. It contained carbonate, sulphate and chloride of sodium, and was used 
in the proportion of about one part of sand, to three sotts of soda 4g 
more modern times, and until within the last few decades, the chief eoune 
of soda has been the ashes of certain plants, (chiefly files of the sea and 
seashore), Spanish barilla, Scottish and Irish kelp, the Spanish soda of 
Alieant, and the rochette of Syria. ‘They were all impure and prpdnced 
a glass inferior in every way. The Spanish barilla, considered the best 
only contained fourteen to thirty per cent soda. cot 
we Dhelduihenlnes experienced with these impure materials, supplemented 
by a prize of 12,000 franes offered by the French government, induced 
Nicholas Le Blane to devise a process (1790) of converting aicnde of 
sodium (common salt, Na Cl) into soda, which opened a cone era in glass- 
making. This process was in universal use until about 1863, and may. be 
briefly deseribed as follows: ‘‘Salt is decomposed with eal are acid 
making salt-cake, which is sodium sulphate, containing more or less unde. 
composed salt and some impurities. This salt- cake is amined with coal al 
limestone and roasted in large revolving furnaces. The salt-cake is decom- 
posed, and the soda is carbonated, making soda ash, but mixed with a 
considerable amount of undecomposed salt, salt-cake, caustic soda, and 
carbon, together with iron from the roasting furnaces?” ‘ 

In 1863 Ernest Solvay devised the ammonia process which is simple 
and more effective. ‘‘The Solvay ammonia soda is made from a yurified 
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solution of salt charged with ammonia, and treated with purified carbonic 
acid. The precipitate after filtering and drying and heating is ready for 
the market, as an exceedingly pure carbonate.’’ There is claimed for the 
ammonia process, the presence of less iron and carbon than by the Le 
Blane process; and as it is the jron and carbon contained in impure sodas 
that is detrimental to the ideal erystal white a glassmaker prizes, this 
feature alone makes the ammonia process preferable. 

Soda ash is used in glassmaking as 48 per cent, 58 per cent or as 
““dense 58 per cent.’’ Densified ash is recommended in many cases, as it 
is less bulky in the pots and does not give off its carbonic acid too quickly 
before the glass is fully cleared. The general basic action of soda ash has 
been described in the introduction to the subject (bases). As a special 
action it may be said that it adds a brilliant ustre to glass, but unless it 
is unusually pure, it imparts a bluish-green tint which must be neutralized 
with manganese, or some oxidizing agent. One hundred pounds of soda 
ash loses during fusion 31.67 per cent by evaporation and volatilization. 

It is customary for many persons to test he strength of alkaline solu- 
tions by the use of the hydrometer. The hydrometer may safely be used 
to compare different solutions of the same materials, but not of different 
materials. 

The commercial valuation of soda ash is usually restricted to the 
determination of the percentage of ‘‘available a’ kali’? contained therein. 
Without entering into any exhaustive explanation, it is important to say 
regarding soda ash and its various tests, that publie attention a few 
years ago was drawn to an error made by many analysts in attempting to 
apply the English commercial test for soda to samples of alkali, soda 
ash, ete. The result of which error is to make the test indicate from one 
to one and one-half per cent. more soda than it contains by the proper 
test. It seems almost unnecessary to state that no comparison ean be 
fair if one soda is tested by the so-called ‘‘ Newcastle test,’’ for example, 
and another by the test for actual alkali. The mistake of these ineor- 
reet tests originated in the fact that early chemists fixed the atomic 
weight of sodium at twenty-four; subsequent investigations have proved 
it to be twenty-three. Under this test the actual alkali (Na, 0) is stated 
as 32/54, or 64/108, of the total sodium carbonate. The actual alkali in 
accordance with the true atomic weights of the elements in the com- 
pound is 31/53 or 62/106 of the total sodium carbonate. The effect ‘of 
this error is to increase the nominal percentage of alkali by 1.3 per cent. 
(Newcastle test). Another stiJl more incorrect test is the so-called ‘‘New 
York and Liverpool’? method of testing alkali, which has been in use 
at least fifty years. Under this test the incorrect chemical equivalent for 
sodium carbonate (Na, CO,) is employed, which calls for 32/53 or 64/106 
of the total sodium carbonate, which gives 3.266 per cent more alkali 
than actually exists. To further illustrate the different systems of alkali- 
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metry for soda ash, a sample containing 48 per cent. actual alkali by the 
New York and Liverpool test; by the English or Neweastle test would 
contain 47.11 per cent., or according to the English test for actual alkali 
it would contain 46.5 per cent., and by the way it is sold on the continent 
of Europe, by its strength in sodium carbonate (Na, CO,), it would con- 
tain 79.51 per cent. Again, if the New York and Liverpool test equals 
58.32 per cent., the Neweastle test would equal 57.34 per cent., the actual 
alkali test would equal 56.5 per cent., the Continental test would equal 
(sodium carbonate) 96.60 per cent. But this method of testing has always 
been, and is still used by the soda trade, especially in England; how- 
ever, so long as buyers and sellers of soda understand the different tests. 
and know by which they are buying and selling, no harm can be done; 
but when the attempt is made to compare different makes of soda ash 
by different tests, confusion and trouble at once arise. It is not the pur- 
pose to burden the mind with any of the exhaustive chemical tests and 
methods of analysis, but we present an analysis which is simple and suf- 
ficiently accurate to meet most circumstances for glassmaking purposes. 
This analysis we take from the ‘‘Papermakers’ Digest,’’ viz. : 
Soda ash is always bought to contain so many per cent. of soda, 
actual soda, Na, O, generally 58 per cent. This soda ash is crystallized 
sodium carbonate, deprived of its water of crystallization and is almost 
pure carbonate, Na, CO,, or two parts of sodium-Na, and one of carbon 
C, and three of oxygen O. 
Na equals 23...... Na, equals 23x2 equals 46. 
Put in the atomie weights we have: 
C equals 12 C equals 12x1 equals 12. 
O equals 16 O, equals 16x3 equals 48. 


Potal-ceKe « 106. 
Now take out Na, O—Na, equals 23x2 equals...... 46. 
O equals 16x1 equals 16. 


Tobalistiee. - 62. 
or 62 parts in every 106 parts of carbonate are actual soda. Calculate 
to pereentage 62/106x100 equal 58.3 per cent., for practical purposes 58 
per cent. on, 

For this analysis the following 1s necessary: Normal sulphuric, or 
hydrochlorie acid; this can be bought or can be prepared. A solution 
of methyl orange (one part methyl orange in 1,000 parts of water). Use 
a plain burette, put on a rubber tube two inches long, a pinch clamp and 
a fine nozzle. Fill your burette with acid, and having obtained your 
sample, weigh out on a watch glass, already weighed, 53 grams of your 
sample; dissolve in a 1000 ce. flask one-half full of water; when all is 
dissolved make up to 1000 ce. with water. 
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Take 10 cc. out, put in a beaker glass and add a couple drops methyl 
orange; the color will turn straw. Now add cubic centimeter by cubic 
centimeter of your acid; as soon as the color shows change read off from 
burette how many cc. have been used. Shake up gently and add another 
drop; the color will change to dark straw, then red. The exact point to 
stop at is the moment of change to red, and note the number ce. used. 
e peat with a fresh portion of 10 cc. and note again the number of ce. 
used; and say we have from three different readings of burette: 9.4, 9.5 
and 9.6. 

9.4+4-9.5-+-9.6 equals 28.5-3=9.5 average. Then we have: 53 grams to 
1000 ce. diluted. ; 

0.53 gramme—1l0 ce.—taken for test, takes 9.5 cc. and every cc, of 
normal acid, neutralizes .031 gramme of actual soda. So .031x9.5 equals 
total actual soda present .2945 grammes. This in percentage equals 2.945 
divided by 5.300x100 equals 55.48 per cent, or is short by two and one-half 
per cent full of 58 per cent. This shortage is most likely to be caused by 
absorption of water. 

Solubility of Sodium Carbonate (Dry) Na,CO,,. 
in 100 Parts of Water. 
Temperature degrees. 100 parts water 1 part requires 
Ce H. dissolve. water, 
tee eegeeeee 7.94 


20 
30 


Pb subvatanavsjarsiargieraiys WG 2.20 
Note—Centigrade degrees x nine-fifths+32—=Fahrenheit degrees. 


Sodium Sulphate (Salt Cake) Na,SO,. 

Sodium sulphate is made by the action of sulphuric acid on sodium 
chloride. (See carbonate.) 

Glauber’s salt, crystallized sodium sulphate (Na,SO, 10H,O) contain- 
ing 10 molecules of water of crystallization, is soluble in 2.8 parts water 
at 15° C,—59° F; in 0.25 part at 34 dee. C93 deg F; and in 0.47 part 
of boiling water. On depriving Glauber’s salt of its water of crystalliza- 
tion, 55.9 % of its weight, salt-cake or dried sodium sulphate is obtained. 
One hundred pounds of dried sodium sulphate loses during melt about 
56.31 per cent. 


34 ELEMENTS OF GLASS AND GLASSMAKING. 

Glass made with sodium sulphate is less liable to devitrify, or become 
ambitty, and will bear more lime than carbonate glass; hence gives a hard- 
er-glass with a better polish, and less liable to sweating. Sulphate glass 
is of a bluish color, while carbonate glass has a yellowish tint. 

Economy in cost encouraged the use of sodium sulphate, but it is being 
gradually replaced by the carbonate. <A larger quantity of sulphate than 
carbonate, however, is required for the same amount of glass, as it re- 
quires from 130 to 150 pounds of sulphate to do the same work and produce 
the same quantity of glass as 100 pounds of carbonate; and its decompo- 
sition, and the clearing of the glass requires ten to twenty per cent more 
fuel than carbonate glass requires. It also contains more iron than the 
carbonate, and its fumes are destructive to pots, breast walls, ete. The 
adoption of sodium sulphate as a constituent of glass occurred about the 
middle of the last century, and was brought about by the researches of 
Gehlen. Glassmakers first proceeded very cautiously with sodium sulphate 
as a new ingredient, by mixing a small quantity of it with a large propor- 
tion of the carbonate; gradually increasing the proportion to equal quan- 
tities of each;-and finally the carbonate was omitted entirely. This last 
eave them a cheaper material, but one that doubtless injured the color of 
their glass. The bluish-green tint imparted by sodium sulphate was as- 
cribed by M. Pelouse, to the presence of iron, the correctness of whieh 
has since been proven. This defect he sueceeded in eliminating to a cer- 
tain extent, by the use of lime, which resulted in a sulphate, refined and 
productive of better results. 

The use of sodium sulphate involves the introduction of ingredients 
which are not required when pure carbonate only is employed; as the de- 
composition of the sulphate by silicic acid is accomplished slower and with 
much more difficulty, and it requires a higher temperature to effect fusion 
than with sodium carbonate. Carbon is introduced generally in a proportion 
of one, or rather more than one equivalent, to two equivalents of the sul- 
phate. The carbon abstracts from the sulphate one equivalent of oxygen; 
the sulphurous acid which is thus formed is displaced by the silica, and 
silicate of sodium is the result. The disengaging sulphurous acid being de- 
composed much quicker than the sulphate or salt eake, hence it aids fusion. 
There seems to be no fixed proportion of carbon necessary for the decom- 
position of the sodium sulphate, and it has been demonstrated that decom- 
position is materially assisted by the use of calcium carbonate. 


the sulphate by carbon or other agent, arises in the fact of the dissemina- 
tion of undecomposed sulphate in large quantities throughout and on the 
surface of the glass. The fact of the difficulty of a uniform distribution 
of earbon in the ‘‘hatch’’ so that each particle of sulphate may find im- 
mediately, for the purpose of its decomposition, the necessary quantity of 
carbon, has given rise to many inconveniences. Carbon has generally been 
used in the form of coal, charcoal, pitch, ete. These substances can be 


Another detriment to the glass without a thorough decomposition of _ 
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replaced—according to a foreign invention—by organic non-ferriferous 
substances with large contents of hydrogeneous matter. This becomes 
liquid at a much lower temperature than sodium sulphate, while it de- 
velops at a higher degree of heat, gases and vapors which exercise a reduc- 
ing action. Such substances near at hand are mineral, vegetable and 
animal fats, and oils, as parafine, ozokerite, tallow, resin, resinous oils, tar 
oils, liquid and solid olefiant bodies (carburretted hydrogen) of the aromatic 
order and their derivatives. By these substances liquefying at ordinary 
temperatures the distribution is more uniform, and contact ‘with the sul- 
phate much closer; besides, the liquefaction occurring before the constitu- 
ents of the batch have entered into fusion, insures a shorter melting per- 
iod and a quicker and better reduction of the sulphate. 3 


Sodium Nitrate (Chili Saltpetre, Nitre) NaNO, 


Sodium nitrate enters glass as an auxiliary base, in conjunction with 
other alkaline bases, in a proportion of about one to five, as an oxidizing 
agent, and is therefore a decolorizer in action. Its soda unites with 
the silica similar to other sodium compounds. 

Its oxidizing properties facilitate fusion, and add purity to the glass 
and color by aiding in the expulsion of carbonaceous matter. One hun- 
dred pounds of pure saltpetre loses about 50 to 53 per cent. during melt. 

Sodium nitrate is found in nature as an incrustation upon and 
throughout the soil of certain localities in dry, hot countries, as for in- 
stance, in Peru, Chili and India. The formation of these nitrates is to be 
explained by the absorption of ammonia by the soil, where it is gradually 
oxidized and converted into nitrie acid. 


Sodium Borate (Borax) Na B,O,+10H,0. 


_ Slightly efflorescent; soluble in 16 parts of cold, and in 0.5 parts 
boiling water; melts at red heat, and forms a colorless liquid. 

_ This salt occurs in Clear Lake, Nevada, and in several lakes in Asia. 
Tt is also manufactured by adding solution carbonate to the borie acid 
found in Tuseany, Italy. It forms colorless transparent erystals, but is 
sold mostly in the form of a white powder. 


Borax is a powerful flux, and is used in glass to facilitate fusion. 
It exerts a decided softening influence on glass by its greater generation 
of agitation during fusion, during which it assists largely in the process 
of purification. Many glassmakers, for reasons above, recommend borax 
as a preventative for ‘‘cords,’’ ‘‘stones,’’ ete., as by the increased agitation 
of pot contents many of the impurities causing ‘‘eords,’’ ete. he dis- 
persed and expelled. Borax glass assumes great fluidity, and is easily fused ; 
hence the salt is not used in large quantities. : : 
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Sodium Chloride (Common Salt) NaCl. 


Inasmuch as sodium sulphate and sodium carbonate are both direct 
products of the chloride, it is but natural to suppose that chemists should 
turn their attention toward dispensing with the process of conversion, 
and utilize the chloride in the manufacture of glass by a direct union 
of sand and salt, without the intervening process. But such efforts have 
been without much success, as about the only glass made by such method 
is a black glass for bottles made in England. 

Mr. Chance thus defines a mixture of materials devised by a Mr. 
George Gore: ‘‘In which steam should be liberated throughout at a high 
temperature only, and therefore under the conditions most effective for 
decomposing the salt. In this mixture, sodium sulphate and carbon were 
dispensed with altogether, and they were replaced by a chemically equiv- 
alent mixture of sodium hydrate and common salt; these two ingredients 
being also in quantities chemically equivalent to each other, and rep- 
resenting together, as mear as possible, the amount of alkali contained 
in the ordinary sulphate mixture. The mixture thus modified consisted 
of sand, cullet, chalk, common salt, sodium hydrate, arsenic and manga- 
nese. In the reaction which took place the sodium hydrate decomposed 
the salt at high temperatures and formed hydrochlorie acid, and anhydrous 
soda; the former escaped as gas, and the latter united with the silica. Mr. 
Gore succeeded in obtaining by this process a transparent glass, but the 
cost of the caustic soda rendered the mixture more expensive than the 
sulphate.’’ 


POTASSIUM SALTS. 
Pottassium Carbonate (Potash, Pearl-Ash) K,(0.. 


The value of potash as a glassmaking material was known as early 
as the fifteenth century. Potash is more efficacious than soda in effecting 
fusion in the melting process, but more expensive. No coloring action is 
exerted by potash, but the brilliance of the glass is diminished by it to a 
certain extent. One hundred pounds of 72 per cent. pure potash loses 22.80 
per cent. during melt. 

Potash is not used now to any great extent. Some of the more ex- 
pensive glasses, as ‘‘English flint,’’ are potash glasses. Some) few ancient 
glasses show from one to two per cent. which was probably derived by 
chance from the soda used at that time. Potash in early manufacture 
was made from the lees of wine, fern ashes, wood ashes, beet-cake, grape- 
cake, ete. It was generally made by lixiviating wood ashes, which results 
in an impure carbonate that must be calcined and refined as for glass- 
making purposes the quality of the glass depends upon the degree of 
purification. Refined potash when calcined in a furnace until white is 
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known as ‘‘pearl-ash.’’ Potassium carbonate, the form in which potas- 
sium is principally used in glassmaking, is also prepared artificially from 
the sulphate by Le Blanc’s method. 


Potassium Nitrate (Saltpetre) KNO, A 
Potassium nitrate is sometimes used as an oxidizing agent in the 
finer glasses. 
Potassium nitrate occurs in nature like sodium nitrate; or it is man- 
ufactured by lixivating animal refuse matter mixed with earth and lime; 
also made by the action of sodium nitrate or potassium chloride. 


Analytical Re-Actions of Potassium Compounds. 

I. Add to a concentrated solution of a neutral potassum salt, a freshly 
prepared solution of tartaric acid. A white precipitate of potassium 
acid tartrate (KHC,H,O,) is slowly formed. An addition of aleohol will 
facilitate precipitation. 

II. Potassium compounds color the flame of aleohol violet. The 
presence of sodium, which colors the flame intensely yellow, intereferes 
with this test, it masks the violet caused by potassium, unless the 
flame is observed through a blue glass, or through a thin vessel filled with 
a solution of indigo. The yellow light is absorbed by the blue medium, 
while the violet passes through and can be recognized. 

TI. All compounds of potassium are white (unless the acid has a 
coloring effect), soluble in water, and not volatile at a low red heat. 


LEAD. 
Litharge, PbO. Red Lead, Pb,0,. 

The use of lead as a glassmaking material is an English invention 
and originated during the seventeenth century. ; It was brought about 
by the use of fuel which required covered pots to protect the glass fom 
the impurities originating from the fuel which had been substituted for 
wood. By covering the pots the action of the heat on the materials 
contained in them was so retarded as to require a better flux. Lead is 
a powerful flux, and promotes fusion at a very low temperature. Its use 
as a constituent of glass for artificial gems, outical glasses, etc., for 
which purposes lead glass, on account of its surpassing brilliance and 
density, is specially adapted, antidated its use by the English in their 
invention of ‘‘lead flint,’’ and possibly suggested its use to them. 

Lead is used in glass in the form of litharge, or as red lead. Lith- 
arge is obtained by exposing melted lead to a current of air, when the 
metal gradually becomes oxidized with the formation of a yellow powder 
known as ‘‘massicot.’? At a high temperature. this fuses, forming red- 
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dish-yellow crystalline scales known as litharge. By heating still further, 
in contact with air, a portion of the oxide is converted into di-oxide (or 
per-oxide PbO,), and a bright red powder is formed. This is red lead, or 
minium, which probably is a mixture or combination of oxide and di- 
oxide of lead, PbO,, PbO. Red lead is generally preferred in glassmaking 
on account of its finer state of sub-division, and it decomposes during the 
melting process into ordinary monoxide of lead and oxygen; the latter 
facilitating the removal of impurities, Ordinarily lead is used in glass 
in a proportion of about 33 per cent. 

Lead glass is very dense and heavy (specific gravity 2.900 to 3.255— 
Dumas); has a greater power of refraction—the refractive power of glass 
is proportionate to its molecular weight or density; and is very brilliant. 
By nature it is ‘‘soft,’’ is easily seratched, and is less liable to breakage 
when exposed to sudden changes of temperature. Lead is used in conjunc- 
tion with the alkali-metallie bases, potash, soda, ete., but potash is its 
principal co-base. An excess of lead not only makes glass ‘‘soft,’’ but 
it imparts to it a yellowish tint, besides having an injurious effect upon 
the pots. The yellowish tint imparted, however, can be masked by the 
use of oxide of nickel. 

The silicates of lead are more fusible in proportion to the greater 
amount of base (in fact any glass is less fusible in proportion to silicate, 
more fusible in proportion to base), and with equivalents it will melt at 
a red heat. On account of the difference between the specific gravity of 
lead and that of the other materials, the use of lead is the cause of in- 
numerable ‘‘cords’’ and ‘‘striae’’ disseminated throughout the glass. This 
trouble increases with the increase of density. The difference in specific 
gravity between lead and its co-base, potash, is so great that it is like 
mixing oil and water. For this reason the materials for lead glass must 
be carefully mixed and melted, and worked out promptly. 

Lime and soda ash are gradually replacing lead and potash. While 
perhaps the so-called ‘‘lime flint’’ glass does not possess the surpassing 
brilliance of lead glass, yet its lustre suffers to the enhancement of its 
qualities of hardness, resistance and economy; but lead is better adapted 
for use in glass to be colored than lime, as lead glass assumes a finer, 
fuller and more lustrous color than lime glass. For this reason lead is 
sometimes addetl to lime ‘‘batches’’ for colored glass, making them sus- 
ceptible to a better color and an improved quality. 


Analytical Re-Actions. 

Dissolve the lead oxide (litharge) in nitrie acid, which makes lead 
nitrate, the only salt of lead which is easily soluble in water. To a solu- 
tion of this salt add sulphuric acid. A white precipitate of lead sulphate 
is formed. 
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Caleium Oxide CaO. Lime. 
5 Caleium Carbonate CaCO,,. 


Caleium carbonate, CaCO,, is one of the most abundantly oceurring 
elements in nature, being found in the form of eale-spar, limestone, chalk, 
marble, shells of mollusea, ete., ete. 


Caleium oxide, CaO (burnt lime) is obtained on a large seale by the 
common process of lime burning, which is the heating of limestone, or any 
other calcium carbonate, to about 800° C—1472° F. The result is calcium 
oxide, or lime, a white, odorless, amorphous, infusible substance of alka- 
line taste and reaction. 

The use of lime as a constituent of glass is comparatively a modern 
diseovery, although nearly all glass of all ages and countries contained it 
in an indefinite proportion (ancient glass three to eight per cent.). But 
it was generally present as an accidental impurity, yet to its presence we 
owe the preservation of the most ancient specimens of glass. Its definite 
use, and proper proportion, however, was arrived at slowly and by ex- 
periment. Lime was originally used in the form of chalk, whieh pos- 
sesses a freedom from iron (and iron ig as detrimental to color when 
present in lime as in any other material). Lime is a very important ele- 
ment in glass, and it enters its constitution as an alkaline base—being 
elassed as an alkaline earth—but its original use evidently designated it 
as a cheap substitute for lead, and its alkaline co-bases, potash and soda, 
without any determination of its true merits, which have been developed 
by inereased and -continued use. 

An approximate proportion for the use of lime is about as follows: 
Plate glass, 5.5 per cent; window glass, 13 per cent; lime flint, 10 to 12 
per cent.; bottle glass, 20 per cent. It is chiefly valuable in promoting 
fusion, supplying stability and increasing insolubility of the glass if used 
in proper proportion, but if used in excess it retards fusion, produces a 
milky appearance and makes it hard and liable to devitrify. Lime is in- 
troduced in the ‘‘batch’’ as carbonate (chalk limestone, ete.); as oxide 
(burnt lime); or as hydrate, Ca(OH),, (slacked lime). The use of cal- 
cium hydrate is nearly obsolete, as the oxide and the carbonate are sup- 
plied in a condition that dispenses with the laborious and unsatisfactory 
process of slacking. 

In regard to the special action of lime, it may be stated that, while 
it has been substituted for lead, its specific gravity is less; and while it 
adds lustre to the glass, it does not impart the brilliance that lead does. 
Lime increases the hardness of glass without coloring the product, and a 
fact worth mentioning is, that while chalk and limestone are both ear- 
bonates, glass made with limestone is harder and cools and sets quicker 
than that made with chalk, which is possibly due to a general presence 
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of magnesia in limestone. Lime ean be used in a much larger proportion 
in conjunction with sodium sulphate than with sodium carbonate. This is 
advantageous, especially with window glass, as with an increased quantity 
of lime the glass becomes harder, assumes a better polish and is less liable 
to surface exudation, technically termed ‘‘sweating.’’ 

Lime is now obtained, commercially, in a finely ground condition 
and pure in quality, either as limestone or burnt lime. Most lime in burn- 
ing absorbs a certain amount of those noxious elements, carbon and iron, 
and where burnt lime is used, that burnt with wood is recommended. The 
use of carbonate in the form of limestone is gradually being extended, and 
indeed can be recommended, inasmuch as it can be obtained finely ground 
and pulverized, and is just as available as the ground burnt lime, besides 
being cheaper. The especial recommendation for ground limestone (car- 
ponate) is on account of the greater agitation resulting in the ‘‘bateh’’ 
from the use of limestone in its raw state. It is apparent to any intelli- 
gent glassmaker that to drive off the carbonic acid gas from the htue- 
stone before putting it in the furnace must take from it a very valuable 
ingredient useful in producing glass. If the disengagement of the gas 
occurs in the furnace, the effect of its agitation is to help very materially 
in the process of clearing and cleaning the glass of impurities; besides 
the decomposition of the ground limestone is slower than burnt lime, and 
this slow decomposition tends to continue the fining, or cleaning, process 
to the very end of the melt. 

One hundred pounds of calcium carbonate loses about 44 per cent 
during the melt, hence the use of about 50 per cent more of ground lime- 
stone is recommended than burnt lime. One hundred pounds of hydrate 
(slacked lime), loses about 28 per cent during melt. 


Method of Analyzing Calcium Carbonate. 

Take a.known quantity of calcium carbonate and expose it for about 
one-half an hour to a full white heat. By this means the carbonic acid 
gas expelled entirely, and by the loss in weight the quantity of each in- 
gredient is determined, supposing the carbonate to have been pure. 

In order to ascertain that the whole loss is owing to the escape of 
earbonie acid, the quantity of this gas may be determined by a compara- 
tive analysis. Into a small flask containing hydrochloric acid diluted with 
two or three parts of water, a known quantity of limestone (or carbonate 
being tested) is gradually added, the flask being inclined to one side in 
order to prevent the fluid from being flung out of the vessel during effer- 
vescence. The diminution in weight experienced by the flask and its 
contents, indicates the quantity of carbonic acid which has been expelled. 
Should the carbonate suffer a greater loss in the fire than when decom- 
posed by an acid, it will most probably be found to contain water. This 
may be ascertained by heating a piece of it to redness in a glass tube, 
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the sides of which will be bedewed with moisture if water is present. 
Its quantity may be determined by causing the watery vapor to pass 
through a weighed tube filled with calcium chloride, by which the moisture 
is absorbed. 


Analytical Re-Actions. 

I. Dissolve calcium carbonate in hydrochloric acid until the acid is 
neutralized, and add either sodium potassium or ammonium carbonate, 
and a white precipitate of calcium carbonate CaCO,, is produced. 

II. Calcium compounds impart a reddish yellow color to flame. 


BARIUM CARBONATE BaCoO,. 


Barium oceurs in nature chiefly as sulphate, or heavy spar, BaSO,, 
but also as carbonates or witherite, BaCo, and its compounds closely re- 
semble those of calcium (lime), being also like lime, an alkaline earth. 

Barium is used in glass as barium carbonate, BaCO,, but on account of 
its cost and impure state, it has not found its way into very general use. 
A witherite or carbonate comparatively pure, and especially free from 
iron and other impurities, was scarcely obtainable, and only at high 
prices. These objections, however, are being gradually overcome and ear: 
bonates are now being marketed as pure as 96/98 per cent., free from 
iron and lime; which, in connection with its reduced cost, is gradually 
extending its use. The claim for the use of the barium carbonate in glass 
is as a substitute for lead, lime or the alkalies, potash or soda, in that it 
imparts lustre, aids fusion, adds hardness, increases density, tends to 
reduce the liability of devitrification, and produces a glass that is very 
slightly affected by the atmosphere. Used as a substitute for lead, it is 
claimed that baryta-alkali glass melts as easily as lead-alkali glass, and 
that while baryta imparts density (like lead) it increases the hardness 
(like lime), without interfering with the density. In its use as a sub- 
stitute for lime and alkali it hardens the product without retarding the 
fusion, and thus eliminates the liability of divitrifieation. But while it 
can be substituted in part, potash and soda cannot be entirely replaced by 
baryta. Approximately 

90 parts precipitated barium carbonate replace 100 parts lead. 
150 parts precipitated barium carbonate replace 100 parts potash. 
200 parts precipitated barium carbonate replace 100 parts soda. 
200 parts precipitated barium carbonate replace 100 parts lime. 


Analytical Re-Actions. 

Dissolve the carbonate in hydrochloric acid which forms barium 
chloride (BaC,-2H,0). It erystalizes in prismatic plates. 

I. Add sulphuric acid, a white precipitate of barium sulphate (BaSO,) 
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is produced immediately, even in dilute solutions. The precipitate is in- 
soluble in all dilute acids. 

If. Add ealcium sulphate (plaster of paris). A white precipitate 
insoluble in all dilute acids is formed immediately. 

III. Barium compounds color flame yellowish-green. 


AUXILIARY ELEMENTS. 

Th accidental elements which usually discolor glass are iron and 
carbon, or carbonaceous matter. All glass exhibits a tendency to change 
color or fade, brought about by the general impurities present in materials 
of all kinds; as no material is absolutely pure. Iron and carbon are 
the most noxious elements, and are generally present in some proportion 
in nearly all materials. 

Thus the ‘fading of glass is a natural defect, and to counteract this 
and other defects so detrimental to that limpid whiteness of color sought 
in glass it is necessary to use certain substances whose counter effects 
neutralize and subdue, by means of oxidation, the effects of the impurity 
or discolorizer present. Generally speaking the decolorizing agents 
those whieh act by oxidizing the impurities. 

Manganese, arsenic, antimony, potassium nitrate, nickel oxide, cobalt 
oxide and zaffre are all decolorizers. These ingredients are used in small 
quantities, as an excessive use brings about results other than those de- 
sired, by their becoming colorizers instead of decolorizers. 


MANGANESE. 

The use of manganese as a decolorizer has been known for several 
centuries, as Pliny wrote: 

‘To the materials of glass they begin to add the magnetic stone.’’ 
Which has been determined as meaning manganese. 

Manganese is found in nature either as di-oxide, Mn O* or as sesqui- 
oxide, Mn,0,, and is darker in color than iron, considerably harder and 
somewhat more easily oxidized. For well-defined compounds of manganese 
with oxygen are known in the separate state, viz: . 
Manganous oxide (monoxide or protoxide).....+-..++++++sesseeee+s MnO 
Manganuos, manganic oxide ......+--++eeee eee sees Mno, Mn,0,=Mn,0, 
Manganie oxide (sequi-oxide.........+.++s.++e+ ae . .Mn,0, 
Manganese di-oxide (bin—per—or black oxide).......... . MnO, 

Manganese is a powerful oxidizing agent, on aecount of the facility 
with which it parts with a portion of its oxygen to any substance whieh 
has an affinity for it, and in the manufacture of glass without color man- 
genese is of vast importance as a decolorizer. It is one of the best and 
most effective agents in this capacity known. 

The especial use of manganese in glass is to mask or neutralize the 
greenish color imparted to the glass by the protoxide of iron. Manganese 
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imparts to glass a pink or red tint, which being complementary to green, 
neutralizes the color and permits the glass to transmit white light. Pellat 
refuted this theory, and claimed that the green tint of iron was not 
neutralized by the pink of manganese, by the pink being antagonistic to 
green, and thus subduing it; but by the jron taking another charge of 
oxygen from the manganese and becoming per-oxide of iron, and pro- 
ducing a reddish-yellow tint, while the protoxide produces a green tint. 
While it is asserted that decolorizing agents act by oxidizing the carbon, 
or protoxide of iron, such may be the case with other decolorizing agents, 
yet it is not absoultely true in regard to manganese. The excess of oxygen 
in manganese assists very materially in washing the impurities from the 
constituents, and aids in purifying color in this way also; but the greater 
richness of metallic manganese gives better results, especially if the ore 
is free from iron. An excessive use of manganese imparts an amethyst 
tint, and if the quantity is sufficient it will produce black. Tt is said that 
small quantities of nickel oxide and antimony act as efficacious decolor- 
izers in place of manganese. 

Nearly all manganese ores are peroxide ores, and the peroxide or 
di-oxide of Manganese, (MnO,), composed of 63 parts of metallic mangan- 
ese (Mn) and 37 parts of oxygen (0), is used extensively. Manganese 
oxide (Mn,O,), (sesqui-oxide), which is composed of 70 parts metallic 
manganese and 30 parts of oxygen, is also used. Also manganese pro- 
toxide (MnO), which is composed of 77.5 parts metallic manganese and 
22.5 parts oxygen. Ninety per cent of an ore with a given test of Mn,O, 
(sesqui) in as much as 100 per cent of an ore with same percentage of 
(MnO,) (peroxide); which indicates a presence of 10 per cent more 
metallie manganese in the sesqui-oxide than in the peroxide or di-oxide. 

One hundred parts per oxide (MnO,) evolve 1814 parts of oxygen. It 
appears that the use of manganese is being largely abandoned in European 
factories, especially in window glass. Mr. Thomas Gaffield, of Boston, 
Mass., by a series of very ingenious experiments, demonstrated that under 
the action of air and sunlight, window glass containing manganese acquired 
first a yellowish color, and under continued action gradually assumed a 
violet tint; density of the color being proportionate with the amount of 
manganese present. While perhaps this demonstrates that manganese is 
not permanent as a decolorizer, yet the presence of iron in the glass may 
have considerable effect in this reaction, by the first reaction consisting of 
the higher oxidation of the iron producing a yellowish color, and the con- 
tinued action of the elements oxidizing the manganous oxide, producing a 
delicate violet color, whieh, blending with the yellow, results in red. How- 
ever, this applies principally to the use of manganese in window glass, and 
the purity of materials at the present day obviates the use of manganese in 
any large quantity. 4 ; 
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Analytical Re-Actions. 

I. Any compound of manganese heated on platinum foil with a mix- 
ture of carbonate of soda and nitrate, forms a bluish green mass; giving a 
green solution in water, which turns red on the addition of an acid. 

II. Manganese compounds fused with borax on a platinum wire, give 
a violet color to the borax bead. 


Arsenic. 

Arsenie is obtained by roasting ores containing it. Such ores are 
heated in a current of air in furnaces having long chimneys, flues, or cham- 
bers, when the arsenic is converted into arsenous oxide, which is volatilized 
at that temperature, and as it passes off it is condensed and attaches itself 
to the walls of the chamber or fiue. This is taken off and purified by a 
second sublimation when it forms the well known poison called arsenous 
oxide (As,0,), or white arsenic. 

Arsenic is used in glass as a decolorizer, or purifier, but where manga~ 
nese acts on the effects of the iron present, and is termed ‘‘the great 
decolorizer of glass;’’ arsenic acts principallly on the carbonaceous impuri- 
ties present and is termed ‘‘the great decarbonizer of glass.’’ In small 
quantities it promotes fusion, and decomposition of the other materials, and 
facilitates the dissipation of carbonaceous impurities not otherwise disposed 
of, eliminating them as carbonic acid gas, as arsenic when exposed in small 
quantities to intense heat is decomposed, owing to the vaporization of the 
metal; the oxygen is then available for cleansing purposes. An excess of 
arsenic, however, will produce a very objectionable ‘‘milkiness’’ of color 
in the glass, which age increases. : 

Arsenous acid, arsenic acid, and their salts exert their influence at a 
temperature above the fusing point and are volatilized. 


Analytical Re-Actions. 


I. Heat any arsenic compound after being mixed with some charcoal 
and dry potassium carbonate, in a very narrow test tube (or better, in a 
drawn out glass tube having a small bulb on the end), the arsenic is decom- 
posed, and the metallie arsenic deposited as a metallic ring in the upper 
part of the contraction. 

II. Heat arsenous acid upon a piece of charcoal by means of a blow- 
pipe. A characteristic odor of garlic is preeeptible. ' 

NOTE—For years it has been a common custom in the glass trade to 
keep a large supply of arsenic in the manager’s office or a place much 
frequented. The poisonous fumes from the chemical permeate the atmos- 
phere and have been direetly accountable for the death, or ruined health, 
of many managers. Don’t keep arsenic in a frequented place. 
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Antimony. 

Antimony is found in nature chiefly as tie irisulphide (Sb,S,), an ore 
which is known as black antimony, crude anuimony, or stibnite, and the 
oxides are obtained by roasting the sulphides. ‘The metal is obtained by 
reducing the oxides by charcoal. Antimony is a brittle, bluish white metal, 
having a crystalline structure. 

The introduction of antimony as an ingredient of glass has occurred 
in recent years, and it may be termed a ‘‘brightener,’’ and is generally used 
as a substitute for arsenic, but not in conjunction with arsenic. Used in 
small quantities antimony promotes fusion, and aids in the elimination of 
impurities, performing the functions of arsenic. Used in excess, however, 
its effects are deleterious, as it destroys the nature of the glass. As a sub= 
stitute for arsenic its proportionate use is about three-quarters to ene. 

Antimony. is commercially obtainable as: 


Ore, powdered. . 


The so-called ‘‘needle’’ antimony, and metallie powdered. 


Analytical Re-Actions. 

Boil a piece of metallic copper in a solution of antimonous chloride— 
obtained by boiling the native sulphide with hydrochloric acid. A black 
deposit of antimony is formed upon the copper. By heating the latter in a 
narrow test tube, the antimony is volatilized and deposited as a white 
inerustation of antimonous oxide upon the glass. 


Cobalt. Zaffre. Nickel. 

These oxides and their smalts are used in quantities of a few ounces 
each in lime and other flint ‘‘batches,’’ as color neutralizing agents. 

Smalt is an enamel, or glass colored with cobalt and powdered, and is 
generally used in connection with manganese, as a decolorizer. 

Oxide of nickel is a black powder, and in its native state is mearly 
always found in connection with cobalt. The nickelous oxide, whieh con- 
tains less oxygen than the oxide, is dull green in color. Both are effective 
as decolrizers, and impart to potash glass a bluish tint, and to soda glass a 
hyacinth tint; used in excess they impart a violet tint. The tints imparted 
by nickel are constant. 


Bone Ash. Calcium Phosphate. 

Bones contain about 30 per cent of organic matter, and about 70 per 
cent of inorganic, most of which is tri-caicium phosphate. When bones are 
burned until all of the organic matter has been destroyed and volatilized, 
the resulting product is bone-ash. Bone-ash is used principally in the 
manufacture of opal glass, but the addition of a small quantity to a lime 
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batch, assists in dispersing the impurities, and is recommended as a remedy 
for ‘‘cordy’’ glass. Avoid its excessive use in this capacity, as its ten- 
deney is to make the glass brittle and hard to fuse. 

Tron. 

So much has been said as to the effects of iron in glass, that but little 
more is necessary to be said at this particular place; except that traces of 
it are present in many raw materials; as sand, sodium sulphate, lime, 
baryta, ete. and as its effect is to impart a greenish tint to glass, where 
color is an object this tint must be neutralized or subdued by the action of 
decolorizing agents. 

Alumina. A1,0,. 
(Clay, Loam, Ete.) 

In alumina the giassmaker has to deal with a material which is seldom 
purposely introduced into the ‘‘batch,’’ but is always present as an acei- 
dental impurity, either in the materials, or brought by the action of the 
alkali on the walls of the pots, or furnace. It has the effect of rendering 
the glass less transparent (see opal), and in glass where brilliance and 
transparency are desired its presence in excessive amount must be avoided. 
Excess of alumina renders glass liable to devitrification. 


Cullet. 
(Broken, or Waste Glass.) 

The use of ecullet carries with it as much importance as any other 
material entering the composition of glass; as where the homogeneousness 
of the produet is desirable, the use of eullet should be guarded. In truth 
glass made from fresh ‘‘bateh,’’ with a very small quantity of cullet, is 
much stronger and better adapted to the use of the finer grades of glass, 
especially that intended for beer, soda and other bottles which are subjected 
to high pressures. : 

Glass by being remelted loses strength, resistance and vitality, so to 
speak. Cullet is more fusible than raw materials, hence it aids fusion, and 
when properly disseminated throughout the ‘‘bateh’’ in a uniform manner, 
it keeps the materials open, permitting the better escape of gases, and 
transmission of heat through the mass. Cullet should be carefully cleaned, 
especially if it is ‘‘chest’’ eullet—to which particles of iron adhere—as the 
effects of iron have been fully explained. It is best cleaned by keeping it 
immersed in a bath of dilute sulphuric acid to a temperature of about 180° 
F, for about twenty-four hours; which removes the iron. It should be then 
thoroughly washed. 

Cullet should always be as near the nature of that of which it is to 
become a part, as possible; otherwise the product will be stratified and 
lumpy. It should be pulverized, as large lumps are not properly disinte- 
grated by the action of the fluxes, and a lack of homogeneousness is the 
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result. When cullet is introduced in proportionate, well regulated and 
prepared quantities, it aids fusion; prevents an undue volatilization of the 
alkalies, and produces a uniform product. Used in excess, however, it makes 
glass lose strength, become very brittle, lose firmness, elasticity and 
resistance. 

Ordinary practice suggests a proportionate use of about one part of 
cullet to three parts of sand. 

NOTE—Such materials as manganese, antimony, bone-ash, cobalt, ete., 
which exert a coloring influence, will be found more fully exemplified else- 
where. (See colored glass.) 
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tion as to what he wants, and how to get it. 

To begin with, too much care cannot be exercised in the mixing room; 
even in the preparation of the simplest batches. All ingredients should be 
carefully weighed and sieved. All guess work should be strictly forbidden. 
The precepts of cleanliness should be rigidly enforced. Indifferent, careless 
workmen should not be tolerated. Two things especially important in the 
preparation of the batch are: First—That of having all materials reduced 
to a pulverized condition. Second—That of securing a thorough admixture 
of the batch. The importance of these features is obvious to the least intel- 
gent mind. By reducing all particles to their finest possible condition while 
in a raw state, a closer mechanical association is affected, and they expose 
more surface to all reducing influences; effecting an earlier fusion of par- 
ticles, and a closer combination results. A thorough admixture of mate- 
rials is necessary so that in the chemical association each particle of sand 
may find its corresponding portion of alkali, oxide, ete., as may be required 
to insure homogeneity and uniformity. For the purpose of securing 
thorough and uniform mixing, the use of machinery is advised. A machine 
is tireless, and with proper attention, gives a definite result day by day. 
It is impossible to obtain workmen mixing by the time-honored hand and 
shovel process, who do not at times become careless and indifferent. The 
results of such indifference are always conspicuous, and many of the faults 
and defects of glass can be traced directly to it. : 

While most materials are now furnished in a finely pulverized condi- 
tion, yet each material should be carefully sieved to remove all possibility 
of large lumps of soda, lime, ete., being incorporated in the batch, and from 
time to time should be tested for purity and regularity. Vigilance and 
watehfulness should never be relaxed in the mixing room. The use of the 
best materials obtainable is advised. While perhaps the first cost may be 
greater, yet they are economical in the end. Of course “‘the end may jus- 
tify the means,’’ but upon the whole, poor materials are expensive at any 
price. Good materials are readily available, and in dealing with such, cal- 
culations can be made to a close certainty, so far as materials go. It should 
also be remembered that pots and fumnaces cannot be adapted to suit the 
mixture; the mixture must be adapted to suit them. 


The Melt. 
(Chemical Association.) 

After the materials have been thoroughly incorporated mechanically, 
they are ‘‘filled in’’ (charged) the pots or tank for the purpose of com- 
pleting the association. This constitutes the chemical association, and is 
comprised of two parts, viz: Melting or fusion; and ‘‘fining’’ (refining), 
and ‘‘ standing off.’’ 

During the period in which barilla, kelp and other crude forms of 
alkali were in use, the batch was subjected to a process preliminary to melt- 
jing termed ‘‘fritting.’’ This was a perheating for the purpose of effecting 
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partial decomposition, removing a moisture, and burning off any earbona- 
ceous impurities; and was accomplished under the heat of a reverberatory 
furnace termed a ‘‘calear arch,’’ the residue being termed ‘‘frit.’’ But 
the adoption of alkali prepared from salt has caused this process to be 
entirely abandoned. While perhaps in some instances it commends itself; 
yet generally speaking it is unnecessary. 

As the raw materials in melting lose bulk, sufficient batch cannot be 
charged at one time. The pots are first filled to their eapacity with raw 
materials, which are allowed to partially melt, and in doing so they reduce 
their aggregated bulk, and sink in the pot, leaving room for additional fill- 
ing, which is introduced at stated intervals. Generally one such refilling 
called ‘‘topping out,’’ is sufficient and is introduced about ten or twelve 
hours after the first filling. It is important to allow the first filling time 
to reach a state of fluidity before introducing any additional raw material. 
This avoids any interference with the first, or bottom filling; and allows 
the free escape of all gases which would be partially prevented by the bateh 
becoming fluid on the top first, and enveloping the material in the bottom 
with a fluid sheet; (this is more especially the case with open pots), besides, 
when the bottom or first filling is reduced to fluidity first, it facilitates the 
fusion of any additional filling, and enhances the quality of the product. 

So much, indeed, depends upon the melt, that no pot or furnace should 
be filled with batch until the temperature to which it is exposed is suf- 
ficiently high to immediately reduce, and melt the materials to a condition 
of fluidity without any interference. This insures a perfect combination 
and association of all materials, by allowing the molecules of all substances 
to properly disintegrate and combine into molecules of a new substance 
with a definite chemical equivalent. The calculations relative to the con- 
stituents of the batch are based upon the above; assuming that disintegra- 
tion will ensue, affinity assert itself, volatility cease, and regeneration be 
complete, at certain calculated periods. 

If after a pot has been ‘‘worked out,’’ or after pot-setting, and the 


pot, or pots, are chilled, or the furnace is eold-—-and such is generally the 
ease—it is inadvisable to ‘‘fill in’’ with eold batch until the temperature 
has been raised to a proper degree. It is better by far to ‘‘set up’’ stop- 
pers, and wait an hour if necessary, as there is really no time lost in the 
melt by so doing. If the pot is hot the melt begins immediately, and goes 
forward continuously. If the pot is cold the batch does not begin to melt 
until the pot gets thoroughly heated, because batch is a very poor conduc- 
tor of heat; besides the introduction of cold materiais retards the absorp- 
tion of heat by the pot, and encourages a ‘‘top melt.’’ Again, the intro- 
duction of cold material does not exert the injurious effects upon a thor- 
oughly heated pot that it does upon one that is chilled. Ifthe temperature 
is sufficiently high, the pots properly heated, and the action continuous, the 
fusion of the batch proceeds from the bottom up; from the sides center- 
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ward; and to a small extent from the top downward, which is demonstrated 
by the cone-like lump which floats in the semi-fluid mass, and is the last of 
the raw material to disappear. 

Ag the fusion continues, all moisture is evaporated, disintegration en- 
snes, gases and acids develop and exude, and in their evolutions carry off 
all impurities (a portion of which are deposited on the surface of the 
glass). These gases answer the purpose of stirring the semi-fluid mass, and 
generate an agitation of the particles as the least refractory materials are 
reduced, while the then fluid fluxes slowly envelop and reduce the more 
refractory materials, until a condition of fluidity of the entire batch is 
reached. As remarked above, if this is a continuous process the product 
will be homogeneous and even tempered; but if the temperature falls below 
a point sufficient to properly continue the fusion and the process is inter- 
rupted, the agitation ceases—leaving in suspension a part or all of the 
partially disengaged impurities, the removal of which requires a renewed 
agitation, which is much harder to generate by a simple increase of tem- 
perature, as a portion of the materials containing the necessary gases have 
been volatilized. A foreign substance must be introduced to generate new 
gases, and cause a forcible expulsion. Deep insertion of arsenous acid, a 
potato, an apple, or stirring with a stick of green wood, are remedies some- 
times resorted to. (These remedies are very often used for the removal of 
the pink tint, or ‘‘high color,’’ imparted by excess of manganese). By 
closing up the pot after introducing the agent, the renewed agitation and 
consequent escape of gases, washes out a portion of the color or impurities, 

The worst feature of a slow melt at an insufficient temperature is that 
the volatile ingredients of the batch eseape at a lower temperature than that 
which is necessary to reduce the silica by a uniform attack of solvents, by 
which (alkaline sileates meltng at a temperature insufficient to fuse the 
siliea, and more refractory silicates) the glass produced assumes partially 
a crystalline structure. Besides the melt proceeds principally from the 
top, and as explained above, envelops the lower portions with a fluid cover- 
ing which retards the escape of the impurities, and develops non-uniform- 
ity, devitrification, foaming, stones, cords, bad color, and general indiffer- 
ence. ‘‘High color,’’ especially, is imparted by the heat of the furnace 
being insufficient to reduce the manganese in proportion to the more fusible 
ingredients. 

There results from the process of melting a considerable difference in 
weight between the raw materials and the product glass. This loss is 
oceasioned by the disengagement of gases (other than oxygen, though this 
is expelled to’a certain extent). In deseribing the different raw materials 
we have attempted to give an approximate estimate of the loss of some 
of them, but there is an estimated general loss of about one-sixth part of 
the total, including transfer of materials from the mixing room to the 
furnace, ‘‘filling in,’’ and ‘‘working out,’’ which also includes the loss by 
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volatilization. This estimate is not definite, however, as glassmakers differ 
on the subject. 

The batch and general conditions must be regulated to suit the furnace 
and pots, as the time consumed in melting varies under the conditions of 
the furnace, pots and fuel, and it is impossible to give more than a general 
process idea. A small pot melts quicker than a large one; likewise gas 
fuel will produce a better result than coal fuel; and coal is better than wood. 

The melting process proper ceases when the materials have reached a 
condition of fluidity. The metal—as it is called—is yet full of seeds, 
bubbles, and such impurities as do not fuse, and must be driven off. The 
process called fining consists of freeing the glass from these imperfections, 
and such as are infusible rise to the surface of the glass. Fining (termed 
by the Germans Heissschuren) is an abbreviation of re-fining, and means 
purification. At this particular period the temperature of the furnace must 
be high as possible, in order that the glass may become very fluid; which 
aids in freeing the infinitesimal seeds, bubbles and impurities (estimated 
temperature 3,200°—3,600° F.) The time oceupied by this process should 
not be too long, as a slow ‘‘plaining’’ generally results from insufficient 
heat, which means a lack of fluidity, and the bubbles, seeds, etc., cannot 
force their way out, which leaves a certain portion disseminated through- 
out the mass, while had the temperature been sufficiently high, and the glass 
very fluid, they would have risen to the surface; the gases would have 
escaped, and the heavier impurities be available for removal. Owing to a 
certain amount of volatilization of potash and soda, at the higher tempera- 
ture necessary, more of these ingredients are introduced in the batch than 
are contained in the glass. 

When the glass is entirely ‘‘plain’’—and the fining process should not 
be interrupted until it is entirely so—and it is desired to ‘‘work’? it; it 
must be reduced from the state of fluidity to that of viscosity. This process 
is called ‘‘cold-stoking,’’ or ‘‘standing off,’’ (termed by the Germans, Kalt- 
schuren). It was the custom to bring about this result by lowering the 
temperature of the furnace. But in the introduction of covered pots, and 
the cold air blast, obviate the necessity of reducing the furnace tempera- 
ture, and make it possible to work from as many pots as is desired, while 
the temperature of the furnace is continued at its maximum, and the bal- 
ance of the pots continue to melt. This process of ‘‘standing off’’ has 
much bearing upon the general result, and must be accomplished carefully, 
inasmuch as immediately after a pot is opened the glass is in a spongy con- 
dition, with its surface generally full of impurities. By reducing the, tem- 
perature gradually, the glass settles and solidifies in a uniform measure, 
and allows the impurities to collect in a manner that permits of their 
removal by ‘‘skimming.’’ 


But if the reduction of the temperature is forced, its surface becomes 
chilled immediately and the impurities remain in suspension, so to speak. 
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and not available for removal. If a pot ‘‘comes around”’ slowly, give it 
time to refine, let it settle and solidify, then reduce the temperature gradu- 
ally, and it will be productive of a far better result than if it is forced. 
Always keep in mind that glass made by a slow melt contains inherent 
properties of devitrification whieh require but little to fully develop them. 
The use of water in cooling glass should be avoided as much as possible, 
and never be used in excess, as it destroys the nature of the glass by making 
it less tenacious and brittle, besides exerting an injurious effeet upon 
the pots. 


FAULTS IN THE GLASS. 


Faults in the glass are directly or indirectly traceable to somebody or 
something. Impure materials, improper proportions, indifferent mixing, or 
insufficient heat to properly melt and ‘‘fine,’’ will individually or sever- 
ally produce faults in the glass, and will ineriminate the buyer, metal- 
maker, mixer or teazer. Intelligent inquiry will generally fasten the fault 
to its proper source, when the best remedy for the disease is to remove 
the cause. 

In making glass it is always advisable to anticipate the result, and 
exercise proper and timely precautions, by wise forethought and serupulous 
attention to details, to prevent any development which may possibly arise 
to interfere with the result. 

One of the most prominent faults produced in making glass is the 
substance ‘‘glass gall’’ (salt water) (sandiver). This common impurity is 
more or less produced with all glass, and it is a general error to suppose 
that it is entirely a by-product of salt-cake, or that it oceurs entirely in 
sulphate of soda, or salt-cake glass, as fair grades of soda ash have been 
found to contain as mueh eight to ten per cent of sulphate of soda, which 
by improper mixing and fusion readily develops ‘‘olass gall.’? Girardin 
by analysis defines the constituent of ‘Colasg gall’’ in different glasses as 
follows: 


Window White Bottle 
glass. hollow glass. 
ware. 
Water absorbed from atmosphere.......-- 1.65 0.10 1.00 
Sodium sulphate..........- sats 90.51 55.92 


"10.35 6.00 25.00 
143 0.04 0.20 


Calcium sulphate. 
Sodium chloride. . 


Glass sand, alumina, phos. of ealcium..... 3.35 3.30 Seri 

Which demonstrates that it consists of non-fused particles of the batch, 
as chloride of potassium, sulphates of sodium and calcium, common salt, 
etc, As its specific gravity is less than that of glass, it usually rises to the 
It may 


” 


surface of the metal, if the glass is properly melted and ‘fined. 
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be well to repeat, that these impurities represent a certain portion of the 
denser matter which the temperature has not been high enough to decom- 
pose, and when they become congregated, they form a dumpy, tenacious 
substance which when the fining process is interrupted, remains dissem- 
inated in suspension throughout the melted metal, where it is held in par- 
tial solution and impairs the clearness and transparency of the glass by its 
sub-division into white blotches and spots. 

Ag to remedies for this impurity, a specific one is to remove the cause, 
by the use of pure and proper materials, in just proportion carefully mixed. 
However, it is impossible to entirely eliminate it in certain glasses. The 
most available remedy is to maintain a temperature sufficiently high 
in the furnace to allow the glass to become very fluid, in which con- 
dition the chlorides, sulphates, ete. (which melt without mixing with the 
glass and must be expelled or decompose) being lighter than the glass, 
escape or are readily driven to the surface, where they can be burned off 
by the use of moistened sawdust, pulverized coal, charcoal, ete. Or if 
allowed time, will accumulate in lumps and may be skimmed off. As sul- 
phate of soda is the greatest generator of ‘‘glass gall,’’ carbon in some 
form must be introduced in the batch with it. Carbon facilitates the 
decomposition of the sulphate, and lessens the production of ‘‘glass gall.’’ 
Anything which generates a violent agitation of the melted mass is effica- 
cious in removing ‘‘glass gall’’—as deep insertion of arsenic, potato, ete., 
and closing the pot for a period. 

Another fault attributed to the melt is that of ‘‘foaming.’’ As a rule 
‘‘foaming’’ is the result of insufficient heat to properly melt the materials. 
As has been already explained, the fusion of the batch in melting shou!d 
proceed from the sides centerward, from the bottom upward, and never 
from the top downward. This insures uniformity of fusion, and allows all 
gases to escape in due proportion, and carry off their pro rata share of 
impurities. But if the fusion is effected by a cold melt, it is generally a 
““top melt,’’? which means that the batch begins to melt at the top first and 
eneases the balance of the raw materials in the fluid sheet that retards the 
escape of generating gases, which by being thus confined develop sufficient 
power to throw off the more fluid and volatile salts that have fused at a 
temperature lower than that required to reduce the more refractory ma- 
terials. This semi-fluid mass rises sponge-like and foams over the pot. This 
action of the gases by driving the more fluid and volatile matter to the 
surface, deprives the silica of a large portion of its flux, solvents and puri- 
fiers, besides allowing the more refractory substances to settle downward; 
the melt is prolonged and the quality of the glass impaired. To avoid 
‘foaming’? it is advisable to never introduce the raw batch into either pot 
or furnace until they are thoroughly heated, and the temperature high 
enough to effect a perfect and continuous fusion. In ‘‘topping out’’ always 
allow all prior fillings to reach a consistent condition of fluidity. 
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Other common faults in glass are stones, waves, cords and striae. 
These faults all arise—to a great extent—from causes in common. The 
hard whitish-eolored particles, and the knotty wavy veined tenacious sub- 
stance are too familiar to the glassmaker and worker to require any de- 
tailed description. Primarily these faults are the direct result of a lack of 
homogeneity in the melted glass—induced by one or all of the following 
conditions: improper materials, proportions, mixing, or fusion. 

Perfect fusion is perhaps the most important preventive, as it imparts 
to the glass an even density, and eliminates by volatilization such impuri- 
ties as are the cause of the faults, and serves to partially overcome and 
equalize the bad effects of impure materials, or imperfect proportions and 
mixing. Generally the cause and effects of devitrification will. explain the 
presence of these faults. Perfect fusion eliminates devitrification. Large 
lumps of cullet glass ineuleate waves and striae by not properly receiving 
the action of the fluxes, and while this cullet melts and becomes fluid, it 
does not disintegrate and incorporate itself uniformly with the other 
ingredients. 

An excess of cullet is equally as productive of these faults, as glass, 
like other fusible substances, upon being remelted leaves a residue or 
“drogs,’’? and unless the temperature of the furnace is exceedingly high, 
and all agencies at work, this residue is not yolatilized or expelled. Besides 
cullet being devoid of direct oxidizing agents, it is difficult to derive suf- 
ficient gases from the other materials to remove this excessive cullet im- 
purity, and it remains disseminated throughout the metal. For these reasons 
a thorough admixture of cullet with the raw material is advised, in order 
to give it the greatest possible exposure to the direct action of the fluxes, 
etc. A cold furnace or pots, will produce, cords, stones, ete., abundantly 
(see Chemical Association), by imperfect fusion. Lack of sufficient oxidiz- 
ing agents is as productive of these faults as an insufficient temperature to 
effect perfect fusion. Laxity in the mixture of materials of unequal den- 
sity, especially lead, produces cords and striae (the density of lead glass 
is a source of constant trouble). The denser portions of the silicates have 
a tendency to separate themselves, producing stratification; hence it is 
very important to secure a thorough admixture of materials. The density 
of lead is far in excess of that of potash and the other alkaline bases. 

The presence of alumina also inculeates cords, stones, ete. Alumina 
may be present in the batch purposely, or brought by accident from the 
walls of the pot. Alumina is very refractory and difficult to fuse. The 
incessant action of the fluxes (and other materials, especially cryolite), 
upon the walls of the pot or furnace, attacks them until they become cor- 
roded and full of indentations. The particles of clay and alumina thus torn 
down are deposited in the glass as stones, striae, ete.; besides portions of 
the raw materials collect in these small holes or indentations, and are not 
exposed to the direct action of the fluxes, which leaves them erude and 
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semi-fused. As the glass is worked below these places, the semi-fluid sub- 
stance they contain is drawn out and distributes itself over the surface of 
the glass. For this reason it is difficult to produce glass free from cords in 
an old or worn pot. 

Glass remaining at the bottom of the pots any length of time, increases 
in specific gravity, and- becomes infected with cords and stones, by the ac- 
cumulation of the denser impurities being continually deposited therein. 
Glass should never be allowed to remain thus any length o time, but should 
be ladled into water, which in a measure disintegrates the mass into small 
particles, which present more surface to the action of the flux when next 
melted, and facilitates the removal of the faults. 

The above presents in a general way, the principal agencies whereby 
these faults originate. The most effective remedy, as with other faults, is 
to remove the cause. But inasmuch as the causes are numerous, and one or 
more always present, an entire elimination is very difficult. Pure materials, 
well manipulated, and such remedies as are productive of violent agitation, 
are effective in expelling and destroying them. The use of rings or ‘*float- 
ers’’ in pots and furnaces is recommended, as they displace but little glass, 
and while they do not prevent these faults, they serve to keep them out of 
the way while better glass is being removed. But when the action of the 
fluxes begin to corrode them they must be replaced with new ones, else they 
become fault makers themselves. Bone ash, arsenic, antimony, or borax, 
ineorporated in small quantities with the batch have been recommended to 
facilitate the removal of cords, stones, striae, ete., by oxidation. 


FURNACES, FUELS, CLAYS AND POTS. 


Furnaces. 

While perhaps the construction and maintenance of furnaces and like 
appliances, does not as a rule, fall under the direct province of the glass- 
maker, yet there are but few processes connected with the manufacture of 
glass, which are not directly or indirectly dependent upon the influences of 
heat; and the various characteristics of glass—to say nothing of its forma- 
fion—are so effectively modified by its influences, that heat, its generation, 
and application, requires more than a glassmaker’s transient attention. In 
this connection the furnace performs an absolute and important part. 

The word ‘‘furnace’’ is elastic, and can be properly applied to a num- 
per of varied structures contingent to the industry. But the categorical 
definition of a furnace is applied more directly to the structure in which 
the raw materials are fused by heat into glass, and is so considered. For 
obvious reasons we must eschew more or less, all data pertaining to the 
furnaces of the ancients, and confine the following to those of more modern 
times. 

The modern glass-melting furnace is simply a modified form of the 
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reverberatory furnace, which statement implies that the materials to be melt- 
ed are exposed to the action of the flame, but not to the contact of the burn- 
ing fuel. While various modifications exist, yet modern furnaces may be 
divided into two general classes, viz.: Pot furnaces and tank furnaces. 
Pot furnaces are constructed to assume different shapes, viz.: For win- 
dow, plate, or bottle glass, they are built either square or oblong. For flint 
glass they are built round or oval. Tank furnaces are constructed to give 
either continuous or intermittent results without the use of pots, and may 
be of different shapes, but an oblong shape usually prevails. Both classes 
of furnaces are built to consume fuel by its direct introduction into the 
furnace, or by indirect combustion by effecting the generation of combus- 
tible gases in a separate apartment, and conducting them to the furnace 
proper for final and effective combustion. 

The ordinary direct-fired furnace may be said to consist of two parts: 
The combustion chamber, and the draft passage or ‘‘cave.’’ These 
two parts are separated by the grate, and ‘‘siege,’’ or ‘‘beneh.’’ 
The grate may be round or square, dependent upon the shape of the fur- 
nace, and contains the fuel, which can be introduced from one or more 
openings termed ‘‘teaze-holes.’’ The grate generally occupies the center 
of the furnace, being sunk below the ‘‘bench’’ a few feet, and is connected 
with the combustion chamber by a walled cavity termed the ‘‘eye,’’ into 
which the fuel is placed. The ‘‘siege’’ constitutes the raised bench-like 
portion of the combustion chamber upon which the pots are placed. The 
‘‘eave’’ is an arched passage beneath the furnace for the admission of air 
to the grate. Very frequently two caves are built, which cross at right 
angles beneath the grate, which facilitates the admission of air from all 
directions. 

The number of pots in a furnace vary from four to eighteen, and are 
reached for working or charging by a small arched opening, or ‘‘ working 
hole,’’ situated directly over each pot; except in a flint furnace where coy- 
ered pots are used, in which case the month of the pot is exposed on the 
outside of the furnace walls. The combustion chamber is surmounted by a 
low flattened arch for the purpose of reverberating the flame and compress- 
ing it to intensity. For this reason the arch should be as low and flat as 
possible. The flame after reverberating is led to the exterior by means of 
flues, or small chimneys, constructed in or against the sides of the furnace. 
In the style of furnace used for window, plate or bottle glass, frequently 
no flues are used, the products of combustion making their exit through the 
working holes; the prime object of flues being to draw the flame completely 
over and around the pots, and thus aid reverberation. Besides, a flint glass 
furnace has no other exit for the products of combustion than the flues 
supplied to each pot. As it is essential that all fiues should be kept clean, 
provision is made for the purpose. It was frequently the eustom in earlier 
days to construct a furnace with two arches, one above the other; the lower 
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one constituted the reverberatory arch and the upper one the top of the 
furnace. The products of combustion congregated in the space between the 
arches and escaped through a common flue in the top one. This space be- 
tween the arches was also used sometimes for numerous purposes requiring 
heat. Again, instead of the top arch, the outside walls of the furnace are 
continued in the form of a truncated cone, or open chimney. In other cases 
the flues discharged their contents into the glass-house itself. 

In all cases a necessary draught is required to properly consume the 
fuel; hence different construction of furnace tops, or stacks, is necessary, 
according to fuel employed, draught being that action due to the difference 
in weight between the column of hot gases in the stack, and a column of 
air of equal height and area at the temperature of the atmosphere, Thus 
draught depends upon the difference in temperature of the gases within, 
and the air without, and the height of the stack. As we have remarked, 
different fuels require different draughts, and after a height sufficient to 
produce the required draught is obtained all additional height of stack is a 
waste of money. This general description is applicable more or less to all 
direct-fired furnaces. All efforts toward dimensions of furnaces are avoided 
here, as the variation is such as to exclude anything definite. 

Gas furnaces consist of two principal parts, viz.: combustion chamber 
and producer. Tank furnaces are constructed along similar lines, inasmuch 
as gas is the most effective fuel, and is generally used, although other fuels, 
as oil, are used to some extent. The principle involved in a tank furnace 
is the entire abandonment of pots. But it is not our purpose to enter into 
any general discussion of the various tank furnaces, but to simply outline 
the more important principles involved. 

Owing to the time occupied in melting the materials for glass under 
the pot system, various experiments were made towards effecting a plan to 
melt and blow continuously, without adding to the cost, or affecting the 
quality of the glass. M. Chamblant devised a pot with a crooked pipe. 
Bontemps also mentions a pot with a partition. Siemens devised a pot with 
three apartments, and by demonstrating the feasibility of melting and 
blowing continuously, these experiments led to the development of the con- 
tinuous tank furnace. The principle of the tank as specified by Dr. Siem- 
ens in 1872, was a long tank about four feet deep, with a semi-circular end, 
and divided by two transverse floating bridges, into three apartments, viz.: 
melting, refining and working. In some instances the floating bridges are 
dispensed with, as the action of the heat and glass disintegrates and. de- 
stroys them, and a refining vessel ring has been substituted opposite each 
working hole. This vessel gathers the melted glass at the lowest possible 
depth in the tank and raises it continuously to the surface, in a compart- 
ment prepared for the purpose, completely refined. These vessels vary in 
shape and style, and ean be removed and replaced when worn. To obviate 
the action of the materials used in the production of glass upon the brick 
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and clay construction, Dr. Siemens devised a series of air passages, which 
kept the glass chilled along the walls and bottom and protected the parts 
exposed. 


There are many advantages resulting from the use of a continuous melt- 
ing tank furnace; the principal reasons may be given as follows: Increased 
production, economy in working, durability of furnace, regularity of work- 
ing, and improvement in quality of glasr. 

The success achieved by continuous melting tanks in making window 
glass led to successful efforts in the construction of small intermittent (com- 
monly called ‘‘night melting’’ or ‘‘day’’) tanks. The greatest obstacle, 
however, has been the maintenance of color, caused by the glass melting 
principally from the top, leaving the bottom glass less fluid and more refrae- 
tory. But the past decade has rapidly developed the intermittent tank, 
until at the present day a very fair grade of so-called flint glass is in many 
cases being produced. With these small tanks, gas fuel probably produces 
the best results, but oil is being introduced as a fuel, with a marked degree 
of success. Coal is not often used as a fuel by direct firing for the better 
grades of glass, but can be used in connection with super-heated air. One 
patent in this direction provides for the air being heated in a east iron 
chamber by radiated heat from the fire-box, or furnace, and is then con- 
veyed in pipes to a point where the flames pass over the ‘‘bridge’’ wall, 
where it combines with the gases from the coal, and facilitates eombus- 
tion in a very effective manner. The products of combustion, after trav- 
eling the length of the melting compartment, pass off through a stack at 
the end of the tank. 1 

In the construction of any furnace four general principles apply, viz. : 
Intensity of the heat obtainable; regularity in maintenance of this heat; 
durability of parts exposed thereto; and economy of fuel producing same. 
Upon the intensity of the heat depends the uniformity of the melt and 
homogenity of the glass. The regularity of the heat actuates those in- 
fluences which determine the quality of the glass, as but slight variations of 
the temperature impair homogenity and produce stratification. The durabil- 
ity of the furnace depends upon the stability of materials and construction. 
Where the furnace contains open pots, or is a tank, and the interior of the 
furnace is exposed to the higher degrees of heat obtainable with gaseous 
fuel, clay brick, especially in the crown, are affected and the semi-fused 
matter drops into the glass, producing impurities. This defect is largely 
obviated by the use of brick and materials composed principally of silica, 
which are absolutely infusible if kept from contact with alkalies and other 
substances which would act as a flux. Economy of fuel is principally de- 
pendent upon the construction of the furnace and the methods of 
combustion. 

While tank furnaces are gradually gaining favor, they have by no 
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means replaced the pot furnace in glassmaking. Yet the direct-fired fur- 
nace is slowly giving place to modifications which propogate economy in 
construction, fuel and heat. The application of artificial gas as a fuel is 
one of the most important improvements in modern glassmaking. To say 
nothing of economy in fuel—and the possibility of the use of cheaper fuel 
—permitted by a gas furnace, the time of melting is reduced, produetion 
inereased, and the product vastly improved. 

The so-called ‘‘deep eye’’ furnaces are modifications of the direct coal 
fired furnace, but are constructed with a view to facilitate combustion by 
effectively combining air (generally superheated) with the gases arising 
from the fuel, at or near the point of entrance into the furnace or com- 
bustion chamber. This combination is generally effected by a series of 
small flues around the ‘‘eye’’ near the top. 


The fact that combustion is facilitated by the introduction of super- 
heated air with the gaseous matter imparted by coal, at or near the point 
of ignition, was successfully demonstrated by Dr. Siemens when he intro- 
duced his producer and regenerative process and the Siemens gas furnace 
was the first successful one used. In this, as in other forms of gas fur- 
naces (except natural gas), the solid fuel is first converted into a combus- 
tible gas in a ‘‘producer’’ outside of the furnace, and then burned in con- 
nection with heated air. Dr. Siemens was the first to apply the regenera- 
tive system to the pot furnace, the principle and construetion of which was 
changed only so far as was necessary to apply the regenerative principle. 
The novelty of the Siemens process consisted in taking up the heat usually 
wasted and utilizing it to raise the elements of combustion formed by the 
producer to a high degree of temperature before ignition, by heating the 
gas and air employed in separate regenerative chambers heated by waste 
heat from the flame. These ‘‘regenerators’’ comprised four chambers filled 
with fire brick, stacked loosely in checkerwork. The gas from the producer, 
passing through one chamber, and a current of air through another, meet 
and unite just before entering the furnace. These two chambers have been 
heated to a high temperature prior to the escape of waste gases through 
them; hence gases and air are brought to a high temperature during their 
passage through them, and readily ignite at their entrance to the furnace. 
The action is then reversed, and the gases and air pass through the second 
pair of chambers, while the waste gases reheat the first pair, and prepare 
them for again performing their functions when their turn comes. This 
alternation occurs about every twenty or thirty minutes. 

The old style direct-fired furnace was a very simple affair. Tngram’s 
furnace was intermediate between the direct-fired furnace and the gas fur- 
nace. Boetius’ furnace was a forerunner of the Ingram furnace, and was 
perhaps the beginning of the resultant outerop of ‘‘deep eye’’ furnaces. 
The so-called Gill furnace is an improvement upon the principle of the 
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Boetius furnace, and has flues arranged to convey the air to the combustible 
gases evolved from the fuel. Direct-fired furnaces can be remodeled to this 
style, which claims economy in construction, fuel and pots, and insures an 
intense heat. The Nicholson furnace is an improved form of a French 
furnace, but differs from the Siemens furnace in not having the alternate 
regenerators. 

Innumerable improvements have been devised in turnace building in 
late years, a recent instance being a furnace patented in Germany, which 
provides for the special heating and regulation of the temperature at will 
for each single pot, by the burning gas entering the furnace at the center 
as in the old system. But for the uniform heating of the pots on all sides, 
or for the special heating of any single pot, there are additional gas chan- 
nels provided, which are met by air channels shortly before their entrance 
into the interior of the furnace. These additional gas channels are fed 
from a joint channel, which runs from the producers along each side of 
the furnace, gas and air supply being regulated by slide valves. 

Furnace construction in Germany and Belgium is far in advance of 
the art in our own country, and American furnace builders so far seem 
content in copying the approved models of European construction. 


FUELS. 

The fuel used in the early glass houses was wood, which was dried, or 
baked, until it was brown, to expel all moisture before using. Even in 
some countries at the present day wood, turf and peat are extensively used. 
The use of coal is by no means a recent invention, as it was in use during 
the time of Agricola. But the smoke and by-products of coal have always 
been a serious objection, especially where the materials to be melted are 
exposed to the direct action of the flame by contact, as in tanks or open 
pots. Hence for a time wood was preferred. Oven-burned coke has been 
largely used in England to an advantage, and was especially recommended 
in the manufacture of the finer glasses on account of its freedom from 
soot, smoke and by-produets. In this country wood was used as late as 
1865, but since that time coal has been used almost exclusively, until the 
discovery and application of natural gas as a fuel; but the gradual decline 
of this fuel has necessitated and developed cther cheap fuels, as artificial 
or producer gas, oils, ete. 

Fuels and their economic combustion constitute an important issue 
industrially, more especially in the manufacture of glass. This, and the 
efficacious application of the resultant heat, should be a thoroughly familiar 
subject to the practical glassmaker. Heat is obtained by the combustion 
of fuel. Every fuel—wood, coal, or gas, contains a certain number of heat 
units which are given out by combustion, and no more heat ean be obtained 
from any given fuel than the number of heat units contained in it, which 
will be the same under all conditions, whether combustion is slow or rapid, 
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or at a high or low temperature. A heat unit is reckoned by the amount of 
heat necessary to raise the temperature of a unit quantity of water one 
degree centigrade. This is taken as unity, and the amount of heat neces- 
sary to raise the temperature of a unit quantity or other substances one 
degree, is expressed in terms of the amount necessary to raise the tempera- 
ture of water one degree. This relation is called the specific heat of a sub- 
stance, thus—if the specific of water is 1 (one), alcohol only requires seven- 
tenths as much heat to raise its temperature one degree, hence it has a 
specific heat of 0.7. 

The heat units set free by the combustion of a fuel are expended in 
two ways: First, by radiation, and being carried off by the hot gases pase: 
ing up the stack. Second, absorbed by the surface to be heated, All things 
considered the loss by radiation is proportionate to the time occupied by 
combustion, hence it is economy to burn fuel quickly. , 

‘As a general fuel, coal probably takes precedence over all others. B 
burning one pound of the average dried coal there is consumed aoe 2. ° 
pounds of oxygen, and 10.7 pounds, or 140 eubie feet of air at 62° F, by 
which there is given off about 14,700 heat units. Coal may be arranged in 
five classes, viz.: 

I. Anthracite, consisting almost entirely of free carbon. 

II. Dry bituminous coal, containing 70 to 80 per cent carbon. 

TII. Bituminous coking coal, containing 50 to 60 per cent: carbon. 

IV. Long flaming or eannel coal, eontaining 70 to 85 per cent carbon. 

Y. Lignite or brown coal, containing 56 to 76 per cent earbon. 

There are two conditions on which the economy of combustion of any 
fuel depends: The method of firing and the supply of air. Bear in mind 
the fact that the object is to set free the entire amount of heat available, 
and in such a manner that the surfaces to be heated will most readily ab- 
sorb it. As oxygen is the chief supporter of all ordinary phenomena of 
combustion, the combustion of a substance consists in the addition of suf- 
ficient oxygen to oxidize the substance. A combustible requires in the first 
place, to ‘be heated to a certain degree before it will attract and combine 
with the oxygen from the atmosphere with sufficient force to emit heat. 
But as the temperature is elevated by the continued absorption of oxygen, 
the combination of one portion of oxygen with the burning body causes the 
absorption of another. But different substances require different amounts 
of oxygen to oxidize them. Thus carbon requires two atoms of oxygen to 
one of earbon, and in burning any substance which is largely carbon, as 
coal, there must be an ample air supply from which sufficient oxygen ean 
be extracted to completely consume the substance. Smoke is an evidence of 
incomplete combustion, but there may also be incomplete combustion when 
there is no smoke. . 

Two forms of carbon are found in coal, one fixed, and another in a 
volatile or gaseous state. The volatile carbon is generally combined with 
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hydrogen, forming the so-called hydro-carbons, which are readily given off 
upon the application of heat to the coal, and unless these gases are thor- 
oughly mixed with air, and kept with it at a high temperature they are not 
consumed and escape up the stack as smoke. This is illustrated when a 
fresh supply of coal is added to the fire. There must always be sufficient 
air present to properly combine with these gases, or their combustion is not 
complete. Further than this, where there is a lack of oxygen the carbon, 
only partially oxidized, passes off as vapor, which when it comes in con- 
tact with a cold surface, or air, is condensed and partially reduced, forming 
black smoke. <A thick bed of fuel furnishes another cause for incomplete 
combustion by allowing the oxygen in the air as it passes through the heated 
fuel to combine with the carbon in unequal proportions. Ordinarily with 
sufficient air it is combined as one of carbon to two of oxygen (CO,). But 
if it is required to pass through too much hot fuel it absorbs more carbon 
and becomes CO, and if the air is not sufficient to allow it to take up another 
portion of oxygen and become CO’, it will escape imperfectly consumed, as 
the carbon is only half oxidized. The quantity of air required varies with 
the fuel, furnace and method of firing, and becomes less in proportion as 
the temperature of the firing and rate of combustion is increased. Tt may 
be well to mention that on account of the volatile matter which forms a 
part of some coals, provision should be made for the admission of air above 
the grates to aid in the consumption of the partially consumed gases given 
off by the coal. 


One ton of Pittsburg coal contains about 10,000 cubic feet of gas, 12 
to 14 gallons of tar, and about 1,350 pounds of fixed carbon, and the heat 
units contained in it equal the heat units in about 200 gallons of Lima oil. 

The class of fuel always affects the design of the grate, as a clinkering 
coal, for instance, requires large air spaces; a small, dry coal, small air 
spaces. There are different methods of firing coal; as that of spreading— 
when the coal is spread over the entire grate surface at one firing, which 
permits the escape of all volatile gases until thé entire mass is ignited, and 
the flames rise above the coal. Another method is that of coking, by laying 
a bed of coal where it will be allowed to coke, when, after coking, it is push- 
ed forward, upon the bed of incandescent coals and another bed of ‘oreen’? 
coal is put in its place. This method keeps the bed of fire on the grate 
bright and incandescent, and allows the volatile gases which the heat causes 
the ‘‘green’’ coal to give off, to be led over the incandescent mass and be 
thoroughly consumed. Bituminous coals whose fractures show whitish films 
or rusty stains should be avoided, as they indicate the presece of sulphur 
and pyrites in the coal. 

We give herewith a table of some of the domestic coals: 
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State County Moisture Matter Carbon Ash Sulphur 
Alabama Barbour ..,... 2.50 31.50 63.07 ale rte 
Arkansas .....Huntington ... 1.29 18.91 72.30 7.66 72, 
Colorado ......Boulder ....... 2.80 36.30 ‘37.10 23.80) 5 hs slew 
Georgia SDAMG 2-0 nte's's 1.20 23.05 60.50 15.16 84 
Illinois Sesdvtee > ACLUONY “9.01s4-90 14.64 30.71 51.99 5.64 98 
Indiana .. -Clay 2.80 34.92 60.47 1.80 98 
ROW Es om 36 «ea ee Marion ....... 7.08 37.84 32.47 PADI se eae 
Kentucky ......Muhlenburg ... 5.33 33.65 54.25 4.95 1.95 
Maryland .....Allegany ..... 1.09 17.30 73.10 7.74 74 
Missouri Caldwell .. 5.06 34.24 47.69 1301 ...... 
Nebraska ..... Adams 21 27.82 60.88 at) ck 
New Mexico...... ..+..- 2.35 35.53 50.24 11.88 61 
Ohio Belmont ...... «--+-s 35.20 64.80 teenne see nes 
Oregon ....-.-Coos .. . 16.36 41.85 32.67 po Bice 
Pennsylvania .. Allegheny 104 3721 5613 5.61 98 
Tennesse ...... Hamilton ..... 2.74 26.50 67.80 3.68 91 
Texas is STAPPANG “4.0105 9.51 32.37 44.90 12.21 1.51 
Utah .... «Emery .....-- 3.43 42.81 47.81 9.73 escaltce 
Virginia Pocohontas.... 57 21.19 74.71 3.53 40 
West Virginia.New River.... 85 18.42 77.57 2.89 26 
Wyoming ..... Sheridan ...... 6.04 ~ 42.37 _ 35.57 _ 16.02 veneee 


Natural gas needs no process to make it merchantable or valuable as 
an industrial fuel. The calorific value of natural gas as compared to arti- 
ficial gases is generally quite high, and bulk for bulk it is one-third greater 
than enriched water gas. By a series of tests, Prof. F. C. Phillips, of the 
Western University, Allegheny, Pa., determined the heat units in 1,000 
cubie feet of average quality natural gas to be 1,164,030 (British heat 
units). The specific gravity of natural gas varies from 0.55 to 0.60, as com- 
pared to dry air at 60° F. The composition of nearly all natural gas 
closely resembles Marsh gas, CH,, and 85 to 98 per cent of the whole is 
nearly equivalent to Methane, or Marsh gas (75 per cent of carbon and 25 
per cent of hydrogen). ’ ; , 

We give herewith two analyses of natural gas which will be sufficient 
to illustrate the general composition: 

Analysis of Natural Gas From Pennsylvania: 


Oxygen, (OY ee tae eg aicess cnpea trace 
Nitrogen, (N). 9.54% 
Carbon di-oxide, (CO,).. 0.41% 
Marsh gas, (OLED) Beno ies ee wees 90.05% 


Analysis of Natural Gas From Findlay, Ohio 
Hydrogen, (EN) Festal 28 ots lorsain, 1.64% 
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Marsh gas, (CH,) . 
Olefant gas, (C,H,) . 
Carbonic oxide, ee 
Carbonic acid, 
Nitrogen, 
Oxygen, 
Sulphureted Hydrogen, (H,S) 
The amount of air required to consume 1,000 eubie feet of natural gas 
is slightly less than 11,000 cubic feet, or about one part of gas to 11 parts. 
of air; practically 1 to 10 gives good results. Natural gas is undoubtedly 
an ideal fuel, but, in most districts it is fast diminishing, and is either 


‘‘oilt-edged’’ in price, or is so erratic and uncertain in its supply as to” 


cause the manufacturer much annoyance and loss. Hence those who 
adopted it is a fuel, as well as those who have felt its influence in compe- 
tition, have sought an economic fuel to replace it. The nearest approach 
to it as an industrial fuel is artificial gas, which for practical, economical 
results and stability has all its advantages, and without doubt ‘‘producer 
gas’’ generated from bituminous coal in any standard gas producer is 
beyond question the best form of fuel yet instituted in the glass industry, 
as the economy of fuel is not only great, but the heat produced is intense 
and shows a direct saving in fuel of never less than 30 per cent, and often 
as high as 75 per cent. 

The principle applied to a producer is as follows: The fuel is sup- 
plied at intervals through charging boxes, and descends gradually .on an 
inclined plane set at an inclination to suit the fuel, until it reaches an 
open grate formed of flat horizontal steps, where the fuel is converted into 
a combustible gas which passes off through an ‘‘up-take’’ to the furnace. 
The production of combustible gases varies with the admission of air, and 
the process of gasifying the fuel occurs by the fuel becoming heated as it 
descends, when the hydro-carbon gases, water, carbonic acid and ammonia 
are evolved, which Jeaves about 60 to 70 per cent of carbonaceous matter 
which is disposed of by the action of a current of air slowly entering 
through the grate, producing combustion in a regular manner upon the 
grate. Carbonic acid is a result, which passes through the incandescent fuel 
where it absorbs another equivalent of carbon and becomes carbonic oxide, 
which is a combustible gas, and is incorporated with the other combustible 
gases already evolved. Water is sometimes utilized by being brought to 
the foot of the erate, where it absorbs spare heat from the fire and ashes 
which converts it into steam, and as the steam passes through the incan- 
descent fuel it is decomposed into its elements, after performing its useful 
function by disintegrating the clinkers. 

For many years producer gas has been utilized as a fuel under the re- 
generative system of Dr. Siemens, but for a long time it was a question 
apart from economy whether it was possible to use producer gas direct, and 
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some of our most learned theorists deceided that its direct use was im- 
practicable. But it has been practically demonstrated that it can be, and 
is used direct without any connection with the regenerative process in fur- 
naces, glory-holes, lehrs, and even under the boiler for generating steam. 
There are a variety of producers, which are all, however, modifications of 
the same general principle, the prime object in all cases being to convert 
with the greatest economy, a given amount of fuel into combustible gases. 
Steam is sometimes used as an auxiliary agent, but where steam is used 
it is important to have the coking chamber of sufficient size to insure an 
economical conversion into gases, otherwise the application of steam be- 
comes void as an improvement, as by some small producers not over 60 per 
cent of the coal is converted into combustible gases. Steam and air forced 
through a grate become converted into fixed gases when compelled to pass 
through a large body of incandescent coal in a coked condition, and as 
these gases (CO and H) come in contact with the fresh fuel on top of the 
coked portion, they drive off the volatile matter contained in the coal which 
mixes with the fixed gases generated by the coke. As has been said above, 
in some producers water is used as a seal around the base, which minimizes 
the loss of heat in the ashes by radiation, escape of heat and air up the 
sides, equalizes the draught, and utilizes the waste heat from the ashes in 
the generation of a steam vapor which rises through the fuel and softens 
the ash, disintegrates and prevents clinkers, and with its hydrogen and 
oxygen, after gasification, enriches the gas. 

During the past decade various schemes for utilizing certain oils as 
fuel have been tried with indifferent success, from the fact that most of 
them were with crude petroleum, and required a more or less complicated 
system of burners for generating gases, or producing combustion in some 
other complicated manner. One of the most successful methods introduced 
is to use the cheap heavy oil of 34 to 40 specific gravity, which is more or 
less a refinery by-product. This oil generates immense heat energy, and 
ean be successfully and economically burned in connection with an air 
pressure of from 2 to 7 ounces per square inch. This air meets the flow of 
the oil at the end of the burner and completely atomizes it in a spray, fur- 
nishing just sufficient oxygen to perfect combustion. As a clean fuel, oil 
highly recommends itself, and petroleum residues have a high calorific value 
by being rich in carbon and of perfect safety. Their fire test is at least 
200° F, and about 65 per cent of their heat is effective as against 60 per 
cent of coal. 

Benzine is another oil fuel used largely in certain branches of the 
glass industry. While perhaps the first cost makes benzine a trifle expen- 
sive, yet it is especially adapted as a fuel for ‘‘glory holes,’’ particularly 
in the manufacture of bottles. It can be burned very successfully by means 
of a suitable simple burner, producing an effective, regular, uniform heat, 
and requires but little attention. 
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FIRE CLAYS. 
Their Preparation, Use for Pots, Etc. 


The clay adapted to use for pots should be as pure as possible and 
very refractory, breaking with a clear, smooth, bright fracture, unctuous 
to the touch, free from lime and sulphide of calcium, the least iron possible 
being most desirable. Heretofore the German clays have been largely em- 
ployed in this country, as the American clay when first used did not give 
the satisfaction that its analysis would indicate, but skill in its prepara- 
tion has demonstrated its value and it is rapidly taking the place of the 
imported clays. There are large deposits of excellent pot clays in many 
localities in this country, the chief supply being derived, however, from 
Pennsylvania, Missouri and New Jersey. Missouri plastic clays are prob- 
ably the most important of American clays. They occur geologically in 
the coal measures under the seams of coal, and show a shrinkage of from 
two to nine per cent in burning. Their fusibility ranges from 
2500° to 2800°. Missouri clay is purer than the German clay, and is more 
refractory, but not as dense, and it is found by experience that it will 
stand a more intense heat than any other clay, but German clay resists the 
action of the fluxes better. Hence the German and American clays are 
frequently mixed to overcome as much as possible, the two difficulties. 

After clay is mined it is exposed to the disintegrating action of the 
weather for a considerable period. While the actual effects of the weather 
are not definitely understood, yet the plasticity of fire clay is considerably 
augmented by the process of ‘‘weathering,’’ as it is known that organic 
matter is eliminated by oxidation, and the particles of clay disintegrated 
by moisture and frost. After being weathered sufficiently, it must be dried 
well and stored in a dry place. When it is perfectly dry the outside crust 
must be removed, and the lumps picked to pieces, and all substances, as 
pyrites, or bluish portions removed. The clay must then be ground, and 
carefully sieved, to eliminate all impurities, and the greatest care and clean- 
liness exercised in its manipulation, as even the fibre off a sack would spoil 
a pot. 

Regarding the selection and adaptability of a clay, Mr. H. J. Powell 
gives the theoretical composition of pure fire clay as: AI,O,, 2Si0,, 
2H,0. In selecting clays for exposure to fire it must be understood that in- 
fusibility, stability and plasticity are important qualities. The infusibility 
increases with an increased proportion of silica, augmented by alumina, 
and diminishes with the inereased proportion of the other constituents. Or 
in other words, as the fusible constituents rise above a certain proportion, 
the clay ean be fused into glass. The color of unburned clay is hardly a 
criterion as to the quality, as it is often deceptive. Lime and magnesia 
oxides, especially in inereased proportion, impart a whiteness in color, and 
again the color of the oxide of iron is often concealed in unburned clay by 
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the presence of organic matter, but is revealed by the action of heat. The 
investigation of a clay must include an examination of its physical prop- 
erties, the percentage of clay base, the determination of plasticity, amount 
of water required to make a plastie mass, the tensile strength, shrinkage 
in drying and burning, vitrification, viscosity, ete., ete.. It is assumed that 
plasticity is due to the interlocking of the particles, and that its tensile 
strength when dry, is an index of its plasticity when wet. That plasticity 
varies with the size of the grains, is demonstrated by the following series 
of tests: 
Test of tensile streneth of clays in different grades of fineness. 


Per cent. 

Size of Per cent Tensile strength 

mesh. water used. Maximum. Average. Plasticity ratio 
20— 18.0 190 142 100 

20—40 19.3 196 182 103 

40—50 20.4 182 172 96 
70—100 17.5 183 176 96 

100 and smaller 78.6 143 135 71 


As a simple and practical test for fire clay, Mr. H. J. Powell, recom- 
mends the formation of the sample into brick; then break the brick into 
two pieces, and expose one piece to any required heat to be burnt, while the 
perature; the resistance to chemical influences; and last, the proper pro- 
quality the burnt piece will be white in color, and the fractured ends of the 
burnt and unburned pieces will fit exactly. 

The simple use of a good quality of fire clay does not insure the quality 
c2 the pots made from it, as certain conditions are involved which must 
always be considered, viz.: The preparation of the clay, and’ the propor- 
tion of raw and burnt materials in the mixture; the judicious manipulation 
of the pot-maker; the method and manner of drying the pot; its annealing; 
the temperature of the furnace; and the kind of glass to be melted. Pos- 
sibly no two manufacturers prefer the same clay, or use the same propor- 
tion in their mixture, and when a manufacturer establishes a standard, 
there is rarely any deviation therefrom, for the obvious reason that experi- 
ments with pots are expensive. But where the value of a good clay is 
known, the result is, under proper conditions, as a rule good. 

There are several things necessary to be ascertained regarding the 
serviceability of clays, before any definite result can be anticipated, namely : 
The ratio of contraction by air and fire; the resistance to change in tem- 
perature; the resistance of chemical influences; and last, the proper pro- 
portion in mixture with other ingredients. These features can only be 
ascertained by test, analysis and synthesis; analysis to determine the ele- 
ments of the original compound, and to ascertain those constituents requis- 
ite, that by synthesis, a compound definite in results may be formed. The 
analysis of a clay does not present any definite factors, but rather a maze 
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of elements which must: be separated into the anatomy of a structure; for 
instance, the percentage of the plastic elements—the true clay substance— 
must be determined, this represents the muscle; the percentage of fusible 
material which melts when exposed to heat, and binds the particles together, 
this represents the binding tissue; and then the percentage of quartz, or 
flint, the skeleton. This resolves itslef into simple factors, by which a 
pot-maker can determine whether the skeleton has strength, the binding 
tissue is sufficient, the plasticity—or muscle—excessive, or insufficient, and 
thus he can readily determine the character of the mixture he will have 
to make. 

Regarding the mixture of clays, it is important that the raw clay be 
finely ground and sieved to insure plasticity, as pots made from plastie 
clay are quite as durable, and resist chemical action; but the more plastic 
the clay, the more it is exposed to contraction. Hence to obviate this, the 
plasticity or ‘‘fatness’’ of the clay is made less by the addition of coarser- 
grained burnt clay powder (chamotte), or ground pot scrap. These mate- 
rials are called ‘‘leaners,’’ and serve to bind the clay and heighten the 
resistance to sudden changes in temperature, by facilitating the escape of 
the water contained in the clay, during the drying process, as well as that 
of the chemically combined water, during the annealing and burning of 
the pots. In making this mixture for pots, it is customary to use either 
eight parts, by volume, of finely ground burnt clay, and seven parts of 
pulverized raw clay, or four parts of finely ground burnt clay, three parts 
of finely ground pot-scrap, and six parts of pulverized raw clay. But the 
proportion in which clays are mixed is not the same in all glass houses, as 
it is always to be considered whether a ‘‘fat,’’ or meagre composition is 
desired. Many pot-makers consider it inadvisable to mix in pot shell, or 
different clays, using the same grade of clay for raw, or burnt portions. 
When raw clay is used for the production of burnt clay powder, it is formed 
into cakes several inches thick, which are stacked loosely in an oven, allow- 
ing for the free circulation of heat, and uniformly roasted to remove all 
organic matter, using great care in the regulation of the heat to prevent 
glazing on the clay. These cakes are then ground to a powder, as the size 
of the grain is very important, for plasticity and density increase with 
fineness, and contraction is proportionate and increases with density. 
Hence, while the finely powdered material improves the value of the pot in 
one direction, it is detrimental in another, as it increases the sensitiveness 
of the product to any change in temperature. This defect is partially 
avoided by using the ‘‘leaner,’’ or chamotte, in a proportion of one-half 
coarse-grained, and the other half powdered. This powder fills out the 
spaces between the larger grains, and acts as a binding agent, and sup- 
ports resistance to change in temperature. While contraction is counter- 
acted by the proportionate use of burnt clay, yet loss of plasticity and 
strength of materials vary accordingly, and, as a thin walled pot is efficient 
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in melting glass, it is not wise to sacrifice plasticity to prevent contraction; 
besides the pot is exposed to strong internal pressure, and disintegrating 
agencies requiring resistance, hence strength is essential, and the injurious 
effects of contraction can be almost entirely eliminated by prudence and 
care in drying and burning the pots. In materials for furnace construc- 
tion, where contraction is to be strictly avoided, ‘‘lean’’ mixtures are 
entirely necessary. 

After the clays which enter the composition have been carefully sieved 
and prepared, they are measured into a lead or zinc-lined trough and are 
thoroughly mixed (dry), after which they are wetted with just sufficient 
pure, clean, lukewarm water to permit the thorough kneading of the mass, 
avoiding any excess of water, as an excess causes cracks and inereases the 
shrinkage of the pots. This mass is called the ‘‘hatch,’’ and after being 
wetted it is allowed to stand a couple of days before kneading. The knead- 
ing may be accomplished by the artificial masticating of the mass in a 
“pug-mill,’’ but the primitive method of ‘‘treading’’ constitutes the gen- 
eral process. This consists in tramping the mass little by little with the 
bare feet, as it was commonly supposed that the warmth, elasticity and 
sensibility of the naked feet, develop the plasticity of the clay in a manner 
not equalled by mechanical means. This operation is repeated several 
times at intervals of about thirty-six hours, by which means the materials 
of the bateh are effectively bonded together, and all air bubbles, which 
would cause cracks in the drying process, are worked out. As another 
precaution, the material is formed into cakes which are thoroughly beaten, 
and a perfectly dense material is the result. 

The pot is modeled upon a board or stone, covered with granulated pot 
shell or burnt clay, and after being finished, it must stand quietly in the 
place where it was made to avoid shaking until such time as it can be 
moved with safety. Care must be taken to continue the drying in such a 
uniform manner as will insure that the walls, top and bottom, dry in 
unison. This can be accomplished by covering the pot with linen, and 
maintaining a uniform temperaturé not exceeding 65°, during the first 
stages of the drying process. In the pot room all dratght must be ex- 
cluded, as the slightest draught causes fire cracks; even the direct rays of 
the sun should be excluded. 

After the pot is sufficiently dry so that it ean be moved with safety, 
it is advisable to place it upon a drying frame, and in a room where a 
temperature of about 90° can be maintained. The period of drying de- 
pends chiefly upon the size of the pot, and the time varies from four to 
twelve months. Too much cannot be said regarding the exercise of care 
and prudence in tempering the pots in the pot-arch, and their transfer to 
the furnace. -The time oceupied in tempering varies from four to seven 
days, and the result of this process adds or detracts much to or from the 
average life of a pot. Equal care must be exercised when the pots are 
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tempered direct in the furnace, as is the custom with many manufacturers, 
especially at the beginning of a season. 

Pots are exposed to three dangers: Actual weight of melted glass; 
intense and prolonged heat; and the corrosion of raw materials within the 
pot. As the strength and resistance of the pot depends upon the materials 
from which it is made, their manipulation, and the care with which it has 
been tempered and ‘‘placed,’’ the first two dangers are proportionate 
thereto. The internal corrosion is also augmented or resisted by like 
conditions, but can be at least retarded by ‘‘glazing,’’ which consists in 
partially filling the pot with clean glass cullet, free from any flux, which, 
after it melts, is spread over the interior surface of the pot; this imparts 
to such surface a thin so-called ‘‘glaze,’? which prevents the deposit of 
clay from the sides of the pot by retarding corrosion. In ‘‘glazing’’ pots 
intended for the production of ‘‘colors,’’ it is always advisable to use a 
more refractory glass than that which is to be melted in them—a glass 
highly silicious, and melted at a high temperature. Pot-makers also avoid 
all sharp corners, which would facilitate corrosion. Those common faults 
in most glass, ‘‘cords,’’ and ‘‘stones,’’ are frequently nothing more or 
less than an infusible aluminate formed by the combination of the alkaline 
or metallic ingredients of the glass, with the alumina of the pot, torn down 
by corrosion. Some materials, as lead, cryolite, ete., are much more severe 
in attacking the pots than others. 

The life of the pot cannot be predicted, and the breaking of a single 
pot often disturbs the furnace to such an extent, and others follow so 
frequently, that weeks will sometimes elapse before a complete reorgani- 
zation can be effected. The very ‘‘wear and tear’’ and exposure of the 
others while setting one pot, is often sufficient to cause excessive breakage 
among the balance in the furnace. There are so many things seemingly 
unimportant which affect the average life of a pot, that it is difficult to 
define any real cause for breakage without involving other causes. 
Defective composition, injudicious handling, improper annealing, 
“‘starvation’’ by exposure to cold air while in the furnace, variation in 
furnace temperature, disintegrating action of corrosive materials, and many 
other causes can be ascribed. One especial precaution is to be recom- 
mended, that of reheating a pot after being ‘‘worked out,’’ and before 
filling it with cold batch. In window glass furnaces the pots as a rule, 
are all reheated, but in flint furnaces they are not. If the pots are closed 
up for an hour prior to the introduction of the filling, they become able to 
resist the chilling influences of the cold batch; besides, the melt begins 
almost immediately, whereas, if the pot is chilled, the melt is retarded until 
the pot does become properly heated. 

In connection with fire clays we quote the following regarding some 
interesting experiments made by Mr. J. D. Pennock, to determine the heat, 
conductivity, expansion and fusibility of refractory clays in the form of 
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fire brick; in which he used those made from Grecian Magnesite, American 
Magnesite, Silica Brick and Belgium coke oven tiling. The following 
table shows their conductivity of heat respectively: Grecian, American, 
Silica Brick, and coke oven tiling; also their respective analyses, specific 
gravity, ete. As silica brick are now so extensively used in furnace econ- 
struction, the following table gives interesting data: 


Expansion Aanlysis Specific W’g’t 

Briek of Per 12//SiO, Fe,0,+ CaO MgO Gravity Per 

Core. Brick Al,0, Cu ft. 

Grecian magnesite... O7 Al 2.16 2 4.20 93.03 3.54 170.2 
American magnesite............... ‘en d 7 "36 86.50 3g 


Coke Qven Tiling. 
Silica Brick....... aaa E "ed 37 at 


THE PRINCIPLES OF ANNEALING AS APPLIED TO GLASS. 

When we say that reliable strength and durability can, at present, 
only be imparted to glass by annealing, we have the entire context of the 
subject before us. 

The process of annealing is a distinct feature of the glass industry, yet 
notwithstanding its importance, there is possibly no other feature so little 
understood. Manufacturers seem generally content with the primitive 
methods that have been handed down from generation to generation, with- 
out making much perceptible effort towards definite improvement of the 
process, except perhaps in fuel. In this direction some advance has been 
made, as well as some improvements in general construction and appliances, 
although these improvements have been brought about with a view to facili- 
tate the handling of the generally increased factory production, and not, 
we regret to say, with much regard to improvement in the application of 
the true hypothesis of annealing and its principles. The opportunities pre- 
sented by the general improvement in fuel, and appliances for generating 
and manipulating heat; the advance in structural material; and the 
economy of modern methods of manufacture, as illustrated by other lines 
of industry, should surely be an incentive to the glass manufacturer to 
leave the foot-worn paths of imitation and endeavor to improve his own 
methods to meet the. demand of modern trade. 

Annealing means to heat a substance, like glass, and then allow it to 
cool gradually. There are at present but two successful methods of doing 
this: One by gradually withdrawing the glass—after being heated—from 
the heat; the other by allowing the source of the heat to gradually become 
extinct. The first is applicable generally to ‘‘lehrs,’’ and the latter to 
“fovens.’” 

From a scientific point of view, the hypothesis of the repulsive force 
between the molecules of a substance when excited by heat, is possibly the 
best explanation of the various phenomena connected with the cooling of 
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heated glass.* The foree excited by heat has a tendency to cause all bodies 
to expand, and eventually change their condition of aggregation; the body 
passing by gradual change from a solid to a liquid, and from a liquid to 
a gaseous condition—if continued far enough asthe physical pores, 
the existence of which this hypothesis assumes, inerease in size by expan- 
sion. Therefore if the increase in size of its intermolecular pores causes 
the liquidity of glass, it is not too much to assume that the gradual diminu- 
tion or decrease in size of these same pores will result in the various stages 
of viscosity, duetility and solidity of the same substance. But if the glass 
is cooled rapidly, the outside walls become intensely solidified, while the 
molecules of the interior are withheld from uniting and redueing the in- 
ternal porosity by adhesion to the solidified exterior. This difference in 
condition is aggravated by the poor conductivity of heat by glass. While 
in this condition, the glass is withheld from collapse by the intense solidity 
of its exterior walls. As soon as the solidity of these is weakened, disin- 
tegration naturally ensues. This is generally true of all glass cooled rap- 
idly. On the other hand, if the glass is allowed to cool gradually there is 
a gradual coalition of its molecules; its pores become regularly and uni- 
formly closed and dinminished in size throughout the entire substance, and 
it acquires regular and reliable strength. : 

Practically speaking, during the process of making and finishing 
articles of glass, there is always an unequal chilling and contraction of 


parts, the thinnest parts cooling quickest, and the outside walls, on account : 


of exposure to air, and contact with ‘block,’’ ‘‘marver,’’ molds or tools, 
chill and contract more than the interior. This creates layers, strata, and 
general lamination of the structure. This structural defectiveness is caused 
by the irregular rushing of the molecules to adjust themselves during the 
process of cooling, being governed in their movements by the rapidity of 
the decrease in temperature and exposure to chilling influences., The now 
apparent object in annealing is to obviate this irregular molecular adjust- 
ment and its effects, by reheating the manufactured articles to such a point, 
where, by expansion the molecules are enabled to coalesce and then cool 
gradually, and in so doing allow the “¢metal’’ to contract in a manner to 
avoil molecular strain, by allowing the molecules to re-set themselves in 
unison from the center outward, thus reversing the original cooling process. 
While annealing is of paramount importance, it is a distinet process of 
itself, and is inadequate to correct all the various imperfections contingent 
to the manufacture of glass, If the glass is allowed. to chill too much prior 
to its introduction to the influences of the annealing process, its structure 
becomes so seriously laminated, that its faults are beyond correction by 
annealing; from which it is readily assumed, that the quicker it is exposed 
to the influences of the annealing process, and the more heat retained by it 
when introduced.to,sueh process, the more beneficial the effects of anneal- 
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ing become. While the different methods of annealing are coducive to the 
game general lines, yet their various results are not strictly parallel, some 
being naturally better than others. 

The vital point in’ all annealing is uniformity and regularity, and is 
the keystone of the whole process. Heat, its source, generation, uniform 
distribution and maintenance, constitutes the cardinal feature of the pro- 
cess irrespective of method, and uniformity of result ig commensurate with 
its consideration. So far as appliances for annealing are concerned, it 
would require an article of much length to define the various constructions 
—primitive and modern, and inasmuch as they are all constructed along a 
common line, so to speak, parallel in method, we will forego any attempt 
at description. 

Of fuels for annealing purposes there are a variety, producing various 
results, which require more than passing mention, inasmuch as they are con- 
ducive to the general result, be it good or bad. Wood, coke, gases (natural 
and artificial), and sundry oils, constitute the principal fuels. The latter 
mentioned—gases and oils—are productive of better results than coke or 
other fuel burnt by direct process of combustion over a grate. Oils on ae- 
count of their cost and danger, until recently were not much used, although 
the results of their use have been efficient and satisfactory. However, 
recent appliances and methods have been devised that enhance the value of 
oil as a fuel, and insure its use with comparative safety, and it is steadily 
gaining favor as an economical, effective fuel. Coke and gas are at present 
possibly the most extensively used fuels for annealing, but of these gas 
produces the best results, both from a point of efficiency and economy. 
Coke or wood fired appliances, as ovens and lehrs, are generally built in the 
old primitive way, with the fire-box or furnace on one side, separated from 
the oven or lehr proper by a bridge or fire-wall over which the flame and 
heat pass. In this method of construction there is a deficieney. This de- 
ficiency in a coke or wood fired appliance is that the bottles—by way of 
illustration—piled next to this fire-wall receive obviously more heat than 
those along the opposite wall. Besides with a coke fire the temperature is 
greatest when the entire bed of coke is ignited and aglow; eventually this 
temperature decreases until it becomes necessary to replenish the bed of 
fire with fresh coke, which further reduces the temperature. As the fresh|y 
added coke becomes ignited the temperature is again increased in propor- 
tion to a point of thorough ignition, until it again becomes necessary to 
replenish the supply. This fluctuation of temperature creates a correspond- 
ing irregularity in the annealing process. Again, coke absorbs moisture 
from the atmosphere and this moisture is expelled from the freshly added 
eoke and becomes mingled with the heat. Variableness of draught ‘through 
the grate; variation of heat producing qualities of the different cokes; ex- 
cess of carbon; irregularities in firing, ete., all produce irregularities in 
temperature and hence irregular results. Some of these deficiencies have 
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been eliminated by a modern improvement in lehr construction, by placing 
the fire box beneath, and leading a series of flues up, and opening into each 
side, which facilitates a better distribution of the heat, and combustion. 
With the use of oil or gas a majority of these discrepancies are entirely 
eliminated. Gas or oil jets and burners can be placed where they will be 


most efficient, and the article or articles undergoing the process, can be 
virtually surrounded with a flame line, and a simple turn of a valve insures 
a regular supply of fuel, which properly placed effects a regular heat supply 
—the required essential. We say ‘‘properly placed.’’ The meaning of this 
is, that some manufacturers in making the change to oil or gas as fuel, 
simply pull out the grate bars and introduce the oil or gas pipes into the 
openings left, and continue to-fire from one side of the appliance. This is 
not proper placing for reasons above mentioned. The theory is void with- 
out practical execution, and without a regular, uniform heat supply and 
distribution, the essential features of the process are void. There is also 
an absolute necessity for uniform, constant and regular ‘‘heating up’’ and 
‘‘eooling down’’ during the process, by permitting the product undergoing 
the process to approach the point of temperature necessary, regularly, and 
recede therefrom in like manner, not abruptly, as it is not the simple act 
of re-heating and then allowing to cool without regard to system and con- 
cordant principles, that effects the purposes of annealing. The process 
involves systematic lines of procedure by allowing the articles in question 
to approach the proper temperature, with due method, consistent with re- 
gard to conditions of introduction, and after absorption of sufficient heat, 
methodical withdrawal therefrom. Nor is this all. Too much heat is pos- 
sible, and the product may be spoiled in part or wholly. As to the actual 
temperature, circumstances govern this point, yet the temperature should 
be maintained at the highest possible point consistent with the safety of 
the product in process. Usually the temperature ranges from 600° to 1,000° 
F, averaging about 800° F. There is no excuse for lack of determination 
and maintenance of a fair average temperature. The day of measuring the 
heat ‘‘by the eye’’ is past and gone; pyrometric instruments designed for 
accurate heat measurement can be obtained at a very nominal figure, con- 
sistent with their commensurate value. 

Aside from the usual annealing process, various experiments have been 
conducted with a purpose to devise means to harden, temper or toughen 
glass, with a view to supercede the regular process of annealing. In 1875 
M. Alfred de la Bastie announced that he had discovered a method of 
tempering glass in such a manner that its strength would be greatly in- 
creased. He assumed that the cohesive weakness of its molecules caused 
the fragility of glass, and that if the molecules could be forced closer 
together the strength of the material would be increased. Failing to ac- 
complish this result by mechanical compression of the glass while hot and 


ELEMENTS OF GLASS AND GLASSMAKING. GG 


viscid, he endeavored to bring about the same result, after numerous ex- 
periments, by immersion of the heated article in a bath of melted tallow 
or mutton fat at a temperature 68-75° C, (154-167° F,); in this he was 
successful in certain lines. 


‘ Mr. F. Siemens was another inventor who experimented in this direc- 
tion with some suecess. He conceived the idea of tempering the articles by 
placing them in molds between cooled surfaces, thus maintaining their 
shapes intact, and applying force if necessary, so as to press the molecules 
of the glass firmly together. 

Piper’s process consists of heating the glass almost to the point of 
plasticity, and then subjecting it to the action of injected superheated 
steam, which produces a result about similar to De la Bastie’s. 

These processes are attended with sueh difficulties as to modify to a 
certain extent their success. Besides they do not furnish as supposed a 
substitute for annealing. They produce hardened glass, not annealed plas: 
and while hardened glass will undoubtedly stand rough usage better than 
ordinary glass, yet it is not unbreakable, and upon the slightest fracture it 
will become utterly disintegrated. The glass is hard, not tough, and it is 
the very opposite of annealed glass. Hardened glass is that in which the 
molecules have been tortured into their position; while in annealed glass 
the molecules have been allowed to settle themselves, Glass hardened by 
thess processes is impaired for practical utility by its inability to be eut 
and fashioned, and its utter destruction hy the slightest fractures, These 
are difficulties which have baffled the ingenuity of all producers of tough- 
ened glass. 2 
; In conclusion we say that reliable strength and durability can only be 
imparted to glass by uniform annealing. But in this the various fields 
presented by the factors, heat, and its uniform maintenance and distribu- 
tion; appliances for utility and economy of process; mechanism for sue- 
cessful manipulations, etc., present excellent and unlimited opportunities 


for progressive manufacturers to develop more modern and_ successful 
methods of annealing. 
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The following tabular statement will illustrate the resistance and nature 
of fracture of glass under different methods of annealing: 


| Bx 
Zz 23 
5 | gh 

y Oe limes Bia | 

Method of Annealing 3 £3 | Nature of Fracture. 

s Be 
2 an 
a8 
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Cooled in annealing oven..............--.-- #- surface breakage. 


persurface |150mml, , 
90 thrown off 80 m m jim Fength. 
20mm 
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Cooled in open air.....s.csseeeesesssee \ 


Rapidly chilled to 100 deg. from 


Low red heat... .3€.81 | Numerous surface cracks. 


32.47 | 
Numerous splinters flew off during 
17.98 cooling process. 


322 Audible detonation at splintering. 
21.58 


eee j Exceptional strong splintering. 
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[c] Bright red heat -Faultless tubes. 
Rapidly chilled to 140 deg. from 
[a] Low red heat... secon | Splintering during process; 
faulty tubes, 


(4 Medium red heat 
Bright red heat 

Rapidly chilled to 180 

a] Low red heat... 

6] Medium red heat. 

c] Bright red heat..... 


WINDOW GLASS. 
Analyses of Window Glass. 


French. English. Chance’s. Russian. 
(Dumas.) (Dumas. ) (Cooper.) (Benrath.) 
69.00 71.40 71.27 
11.10 15.00 20.10 
12.50 12.40 8.40 
Alumina. .. 7.60 7.40 0.60 


It is well to bear in 7 saind that window glass is subjected to indefinite 


ee ee eee eee EE E————————— EEE 
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exposure to the weather, the action of which, under continued exposure 
generates chemical influences deleterious to the glass; hence the glass should 
be so constituted as to afford the greatest resistance. In its constitution 
the silica should always be as high as possible. Manganese and oxide of 
nickel may be used as decolorizers, but are not recommended; especially 
manganese, as under the continued action of sunlight the color in glass con- 
taining manganese is not constant, and sometimes assumes an undesirable 
violet tint. With the use of oxide of nickel the color is more consistent, but 
arsenic is used as the principal decolorizer in most window glass. 


WINDOW GLASS RECIPES. 


é English Window Glass. 


ANG: casieiaouy asndenteraaaianrtwe 4 % HINGOLES). ctrelaact, axlere ee pierce 5 
Pearl-ash Borage Cha a. ate eyant uct as eae y 1 
Arsenic 
BRT soa ssterce esate, canswsnclePaia whose 60 PADSONIG Hy als sreleiyrereie sad aiolecsa ere 2 
GAM IARN) Criior ptee cancers seas 25 SSA ects is a olsieisMkenacd ore sere 0 
Saltpetre Mannesiay sae sale aiisn vayjpeases 1% 
BSED, 5s ce eave aye,o2 royals Steen MATBENIG\Ns Ae tisie'sle safeaaelaia stow cas 2 
Pearl-ash Si LON Re Parco aige, Bane aan ae ee 0 
Maonesia: atcha tose nase same 2. 

: —1i— 
RSSCLECD PS so tate wiser aces Wes Msi wera ea letant ie 560 Cabonate of sodium............ 119 
Sulphate of sodium........... 63 (CN OI Rte PRs Ron Baan 154 
MAPHENIG). opis tactile cases Sistaiecs es 2 

—§_5: 
SANG Aisa wine gates ease oa aaeratarel ees 448 Carbonate of sodium.......... 168 
Sulphate of sodiuin........... 17 Olaled 25 cahaneawine wc wale nie 146 
PARERDICI axis ap sind Uo ares 2 : 
French Window Glass. 
eng 

Sand . 100 Chalk .35 to 40° 


IAROMICHN. Sect Ree cher cet ete 0.20 


Soda ash : 
MEATICANESE 2509s Satpsica cle sale 0.25 
‘ 7. 
Sand BESS WA An aera n ANE 


Powdered coal 
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—8 
Ganda nieen onesies ciao se 100 VGHNE! «2.2 aries sess ees! E 
Sulphate of sodium.....- .58 to 75 Powdered coal 


and) <soees es rte sess ere cin Charcoal ........2-e+-ee sere 1%, 
Salt cake . : Manganese ...-..--++ee2 esse % 
Lime VATRONILGs veciwicls oetsie ao es wyeistern rate i 
Cullet. ease sows eieee ceimeriivals 

iaatig = 
BADE +5600 216% 2 re eee as Rae Charcoal .........2-+ee0eeee> 4 
Salt cake . Arsenic 
TRIG), ae Geatecstersesodeitsesmay aioe cue aes 34 Cullet 

Belgian Window Gjass. 
Sand Carbonate of ealeium (chalk).. 40 
Salt cake . , Charcoal ......-622ceeeeee reese 2 
Gallet on coeeewiae salen eserom ns cre 
SELIG nea nate esas. ave iol arniyta vias Carbonate of caleium........--- 38 
Salt cake a WHETCOR)! Gare ces oes iets 4 
(CUNT Gehan <perdions ne satin epee Le age 
Bohemian Window Glass. 

eS | ee 
Gand .. .cega sas bs tev nismien een ed OD Slacked lime 
Potash : Arsenic ..... 
Saltpetre Guillet dew. eeeee ste net 

i 
Sand. <2..002 62 seu Spe RSME) Slacked lime .........+---+++ 14 
Potash .. 40 Arsenie 
SS AE, ms ayavsce cra alolarelalafersne soNmisseiey 5 Cullet 

German Window Glass. 

—15 
Sand . 100 Nitrate of sodium............-- 2 
Soda .. 40 Chareoal 
Slacked lime 35 Arsenic 


== 16 
.. 100 Nitrate of sodium.....-..------ 6 
. 40 Chareoal ... 


Slacked lime .....--..+++++00+ 35 Arsenie 
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American Window Glass. (Salt Cake.) 


asf — 
Gand: s..c<s cess us seeeises 8000 MGITAGe rteigeinsisiviielele gee sieve) sok 2500 
Sulphate of sodium........-. 2200 Powdered ‘coal s5 2222. ts0s0c. 40 
ATSENIC. hee once cet ennse oes 50 
——18—. e 
Sard vase cen ees MOON ame Moe eos te coer re 24° 
Salt cake Chartoals (ai. 16 S.5:<ca0 se alee os oe 31 
Arsenic 
19——_ 
GaN! fsaiecese ee Wes MSU sata seats cetera mantis eat nares BL 
Salt cake .. GiAaTeoall orc ae aise saieoe,ale ae one 7 
Arsenic 
IB paTicl | eyavses acavcuoteials wis s/els Be 9cas ole TAM < 33 veaeaate woierne Seseasenoe 
Salt cake We BD. Ps ccsenccarsianes rere are, oxc\ stale 5 
Arsenic 
American Window Glass. (With Soda.) 
ge ee 
Sand . 100 OCR ASI wo. ics ae eteiare ccetemeleseere % 
Salt cake . 2+ 36 ANT HOTG spain) ayes terdimtas avs ata sewers rads 2 
Lime 34 MOEN OGL ect va, tens smiszeastaaeae heteerae 6 
Sand OMA ASN Fics dew antares eaters ara wrens 6 
Salt cake cn Ge EAE Pee ORR ae LCOS © 2 
Lime Charcoal! Sze cdrawewaen wees 6 
Sand Soda ash .. 
Salt cake oe Arsenic 
Lime Charcoal 


Bohemian. 


24 
Lime. . Sis, qgelh sensinics BO) Loan 
Gleb et aves tere ore eeiease + 200 to 300 


Dry quicklime 


Gharon al aot east. ticle ns aiate ses Week 
365 = 
Band) ctvcc es aes fee 400 Sulphate of sod.ium........... 560 
Quicklime.......-6-.--+--++5- 486 Charcoal. <22'a2s) 1. oats cae oe 25 
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aoe, 
Ci a icsaiorimease aimeze eeee tees 250 
Pipe-clay ss ov .s soess oe x cee as 7 
INSEROS S23 2h ax cee phies we whic cn es Y 
-28 
Senden sts eye ase iene se ease 300 PATRON: tei aa a ctein se sennen wae wast 4 
Sulphate of sodium... F Charcoal. . wrk 
INAME, Meso stersrcit sie sein sreiow te tre ares Manganese 3-16 
BATS Fain staciotenae hice ial erctete porn 43 QOS. 5 25.5 S.asvois cae erchnie s 9s 64 
RAL OBIE cioateteser eel te. st oheceiesnte oh (Chardoalec. 21s accuses anna 16 
= SR 
Bands ccs cones 600 Gallataas paaas's cos cee crete a 
Ground limestone... . : 66 Manganese. 
OGM. usr si haceisinaeeleterere elem 300 CODEN usietatecs7eis. cee attreran weenefe 


PLATE GLASS. 
Analyses of Plate Glass. 


French English 

880 PY | Fo FfeeS¥e82,22 FP leed] FF 

ge? G2 G2 GEEEEEES 22260 2] FuPe) 28 

SB fFF | Bs ("oes siF TS | SB | FS] se 
Silica. .4..44..4..73.00 75.90 70.71 77.36 78.68 73.31 72.31 73.79 68.60 
SOM cistorers Veneta ste “11.50 17.50 13.2513.06 11.36 13.0 42 13.94 8.10 
Potash 3.01 1.34. 0.60 6.90 
Lime .. 5.31 6.09 13.34 14.96 8.61 11.00 
(Mig e Tie Sia) spitrelsl, fobalnvs: etigcere: leidie’ere wleruale, lei siete einis el eepel ene 0.12 2.10 
IMET PAGES) hove <> leppctaia, “ale crests occ iniele biotmaie! et sis eral te aioe sbees Once OSLO! 
Sesqui-oxide of iron 1.92 0. OL trate 78322... 0.68 0.20 
ALMOINA, 2 ov artis oie oye Fiote eh sielens trace. 2.68-..... 0.81 0.58 1.20 


In view of the fact that plate glass requires a certain fone of per- 
fection, as great brilliance, clearness and purity; a total absence of striae, 
cords, blisters, seeds and stones; permanence of color and durability, it can 
be readily seen that the purest materials only should be used, and these 
manipulated with great care. Color is a very important consideration, and 
for reasons already mentioned manganese should never be used. De Fon- 
tenay introduced the use of oxide of nickel, which imparts a bluish tint to 
glass and is constant in color. Oxide of zine has been used in plate glass 
to replace manganese, but results have not been entirely satisfactory, as 
Gerner claimed that oxide of zine was liable to impart a yellowish tinge, 


~~ 
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which experience confirms, particularly if the glass is not rapidly worked 
out after firing. 

The older formulas encouraged the use of soda and Botan! as in the 
earlier days of the industry a glass fluid and highly alkaline was required 
on account of the impurity of materials. But progressive economy, im- 
proved furnaces, ete., have gradually brought salt cake into very general use. 


PLATE GLASS RECIPES. 


Old English. 
—1 
Sand 100 Dame: (hydrate)... «js eect 12 
Soda 33 Manganese ¢ 
Potash (refined). GiBGaltpetrias 2 carte cttranjaiale rece eee, 


Oilletew tars cng aecnenee aes Ue 100 


es) 
ROADS be ertiecsssie 100 Tame: (hydrate)):. 6. csc. ss sisicie 20 
Soda (pure). 35 Sto tne:\no sie eR Seer teyh dee 2 2 
Manganese 20.0.0... cee eee eee es VY 
Ure 
— 3. 
Quartz sand........-..eeeeee 100 VAD TAG | 5) ein tore ta erave yslsobe oy aiaierotars 20 
Sulphate of sodium........... 24 Cullet of soda glass............ 12 
Vienna, 
—+ 
Quartz sand... ....00 06.0.0 06 100 I Tire(- Seamer euen aaa neU se gra ncn tite 25 20 
Sulphate of sodium............ 50 GWG CORT ae ae arataece srdchioke Aaa sas 234, 
French. 
—— 5. 
Gari) Lane adetccsn ee tac ar OUU Carbonate of sodium.......... 100 
Oublat cfsjed os 82 se ie cise os 50 Slacked lime’ 2... 2 aes eee cc 43.0 
Bohemian. 
Sand 100 Arseni¢ 0.5 
Soda . 33.33 Borax : ae 10:5 
Lime 30 Carbonate of nickel fers SAE are 009 
Nitre .. : 2 Red oxide of cobalt.......... 0006 © 
Plate glass eullet 100 
American Practice With Salt Cake. 
—T 
BANGS 2A cos ae cata sisters SIC AR toch 720 NGGr6; conta sao steatosis 25 
Sulphate of sodium. : Chareoal we 
Oniddiie occu ee tea oe Plate glass eullet............- 425 © 
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ges 

AD Aa coe $ea4i sevecres <u ace « 100 Charcesl ci eescn en een ae 2.5 
bine: Sesisviee oxcioees mean aes 35 Alt cepkes, Saace ssoises-Jeu see are 38 
PATRONIG iosersoune opie Sa ehE nee 2 


SENG. caletrescecmincnteie ee aroieg sl 100 EMS c's cistsrencedoeive act oa ea, eae 37 
Salt cake.... a 
ENTS BUIOY vars. neh crops vhs cetera tele 1.5 


Bands lec ne vnicinpensieen Hones 
Salt cake .. 
ASBONIC) corse Siors aio cuss assis 


MBL RG BICG os, reteeessralale’n ers/eiessiets, ste 35 


Chareoal ... 
Manganese: 25 <7. cissie'e nee aleieis 0.25 
Knapp’s Technology. 
ee 
SBN, Stor vcemesiecsiarn cle aatae U0 Ode. Ahan Pekin ne ae 35 
5 Gullet) Yacsrerreerione 2 eos ieee ers 100 


St. Gobain; Old. (Analysis.) 
So 
Alumina and oxide of iron..... 1.6 


Soda 
St. Gobain; Later. (Analysis.) 
14— 

Silica Tae ant ete rats is  gercvero ahr 
Soda Alumina and iron . 

Bastenaire. 

Let pea 
SATCU Aer. Mapcthier sfocstive myats, wnat Oideace ate 100 Gules S33 hones sae Set eeiatste aes 100. 
Soda 60 Peroxide of manganese........ 1 
Carbonate of calecium........... 138 IERIE? | eles tetra steele 05 

English Soda. 

== 
(SVS bt CRM ER Re lane POURS Sioct eer te 400 Carbonate of sodium.......... 250 
Chalk see BO 
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17- 

Carbonate of sodium.......... 450 

MGUMG! ayatewtstviery's erase ised 4s, slaintere + 80 


Sand - 500 Ground limestone ............ 160 
Baryta .. -140 Chareoal 
MOY CNB 6 Gistec iets esd sie tieier peas 70 OG att at onesies a oh oeaears 
2. 

MANGE pi.0'chos or o8oie iat se wi sieiels ais sean oe 150 
Salt cake .. ee oes 
AER ocg dls ciate oe siaig ogc met 8% 125 

—3. 
SCT NRRL SS RC Ses 100 Slacked. lime 2.2.5...) 12 to 14 
Potash -45 to 50 Cullet . sn..508 
alt Cake 2% b45 seis :2 sss caicke 10 to 12 Charcoal 

ey Fae 
Sands “a sdastwaa tastes aces 150 
Salt cake . .. 45 
Charcoal 4 

—5 
BANGS esayeerosisedlsnsine pe abies 100 Charcoal c.5.n( var Nted.an seen 3 


STAG Wee ace ice Ene ce aac e aoe 100 CHARCOHIS <aijact stom es i uoeias sate Ree 4 
Al Re MICR Oar i ae hia eects frre eeats 38 Ground limestone: vinsied soca ens 26 
White Sheet Glass Recipes. 

—1 
Sand 100 Carbonate of calcium.......... 26 


- 60 Cullet 


vie 


Potash ... 


Sarid Ween ae te .--100 Cullet ... 
Salt cake $a 38 Chareoal .. 
Carbonate of calcium.......... 33 Arsenie 


Sand t of calcium Hees) 
Potash .... saree BY Cull ti mi ivecivts econo . 100 
ASA CAN e lo .np teers asisiniataa doe Ger | ABDANCORI EA cers te custeate leisure ss 4° 
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BOTTLE GLASS. 


Bottle Glass Analyses. 


Sesqui 
Manga- oxide Mag- 
Kinds of Glass. Analysts. Silica. Soda. Potash. Lime. nese. of iron. Alumina nesia. 


pa IRE 
French... Berthier.... 60.00 3.10 3.10 22.30 1.20 4.00 8.00 ..... 


Sauvigny sad 


St. Etienne eR 60.40 3.20 3.20 20-70 ..... 3.80 10.40 ..... 
Epinac.... iid 59.60 ..... 3.20 18.00 0.40 4.40 6.80 7.00 
Sevres. Dumas..... 53.55 .. 5.48 29.22 ..... 5.74 6.01 » o.% 
Clichy se s:< s. gu 45.60 6210/2810) 5 icorem 6.20 14.00 ..... 
Bohemian. 

Champagne Maumeno.. 58.40 9.90 1.80 18. 8290) 2.10: sake 
Champagne ue 62.21 5.69 1.91 22.9: (5 ot U1) oa RK Sa 
German.... Benrath.... 69.82 18.28 1.50 7.8: BOO) 2200) a anal 
German... Benrath.... 62.78 19.14 11.24 6. O27. O27. J sce. 
Russian... Benrath.... 65.77 11.75 11.75 16. 5.90 5.90 x 
Russian... Benrath.... 68.38 19.03 19.03 10.19 ..... 2.40 2.40 ..... 


By bottle glass is generally meant the common grades of glass used 
principally in the manufacture of bottles; as green, or amber colored 
varieties. 

The so-called ‘‘lime flint’? bottle glass figures largely at the present 
day in the bottle industry; in fact the past decade has wrought a revolution 
in so far as to give flint glass bottles much prestige. For a long time flint 
glass bottles were regarded with disfavor, inasmuch as their cost alone 
excluded them from the beer and soda water trade, to say nothing of the 
current belief rife among the bottling fraternity that flint glass lacked the 
strength and resistance of green glass; and that the liquid contents of a 
flint. glass bottle were seriously impaired in strength and in color by the 
action of light, which a green or amber bottle excluded, and thus protected 
its contents. But these objections have been nominally overcome, especially 
the first, as the price of raw materials necessary for flint bottle glass is 
such that there is but little difference in the first cost, considering quality. 
Strength and resistance are acquired in glass by proportionate quantities 
of raw materials, proper melting and careful annealing, and the deteriorat- 
ing effects of light are not considered serious. Without doubt flint glass 
pottles command favor; and even much of the green bottle glass of the 
present day assumes a similarity to flint which in many cases leaves a dif- 
ference in color difficult to determine. Improved furnaces, decolorizers, 
purity of materials, ete., make such possible, and competition demands it. 

Regarding any glass intended for bottles, it is well to remember that 
competition augments economy, and much discretion must be exercised to 
combine economy and stability. Regarding stability, it is well to keep in 
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mind that resistance to corrosion and strength increases in proportion with 
the amount of sand melted—the product also cheapens accordingly—but 
difficulty of fusion is increased in proportion; and what is true in regard 
to sand is just the reverse with regard to the alkaline bases as in propor- 
tion with increase in alkali, is resistance decreased, fusion facilitated, and 
cost increased. Alumina increases resistance, but in excess renders glass 
liable to devitrification. Lime improves polish and brilliance, hardens the 
product, and aids resistance, but retards fusion when used in excess. Dif- 
ficulty of fusion inereases generally with decrease of solvents. Resistance 
also decreases with increase of cullet. 

Regarding economy, cheap grades of sand can be used in the ordinary 
green and amber glasses; the iron and alumina always present in impure 
sand are not objectionable, as both are frequently added purposely. Salt 
cake furnishes a cheap solvent, but for reasons stated elsewhere, all traces 
of salt water must be removed before coloring oxides are added. Zaffre for 
blue, manganese for violet or black, and pulverized charcoal, cannel or 
anthracite coal for amber, furnish possibly the cheapest coloring agents. 


Slag Glass. 

The idea of manufacturing glass from the waste cinder, or slag, of 
iron blast furnaces is by no means a new one. Iron slag contains many of 
the ingredients of common glass, and it is possible that much of the early 
glass was metallurigical slag remelied. The sands prepared by pulverizing 
slag have been used in England, and on the continent of Europe for a long 
time as a constituent of glass. 

An analysis of Welsh iron slag shows: 
Silica . 3 9 ETS AAA Te ANS Fe IOs Sh 40 
i Pibel-), Sy Crater aatiet city See NCCI DN RROD NIP aca CR Sic Sata 35 


LTD a, weet ance optaultes a, Hey 16 
Ma enesia, Fee sce eed sie +6 
Alkali ..... mh 
ASTAB LOL AYO py wera acca elelsal eS ay atchaaeen seth oaigta Uioigote: benpeacaee 2 


100 


A trace of sulphur is found associated with the lime in slag, but this 
readily passes away with heat. When the consistency of slag is once de- 
termined by analysis, and‘the proper proportion of additonal materials has 
been determined, a very regular and uniform workable glass can be made, 
as actual experience has shown conclusively that the composition of slag 
is regular enough to warrant results sufficiently uniform for all practical 
purposes. Taking the above analysis as an example, it will be seen that 
the principal differences are in the silica, alkali and iron; but by combining 
100 parts of slag, 10 parts of soda and 60 parts of sand, the constituents 
are altered to a compound of the precise nature required, thus: 
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Slag. Additions. Glass. 
Silica .... 40 Ferruginous sand 60=100 or 57.14% 
TEA geen Eneemesen ats Sey noe ef at ce a = 35 or 20.00% 
Alumina =16 or 9.14% 
Magnesia S = 6 or 3.43% 
NIA Naieeictayalsrs aorerer tie oatatresss aera =11 or 6.29% 
Oxide of iron = 7 or 4.00% 
100 175 100 


The natural tint of the glass thus produced is greenish in color, but by 
‘‘fining’’ and bleaching it can be made almost colorless. With some ores 
the slag contains silica enough, and with the addition of soda and arsenic 
becomes perfectly transparent. The constituents of slag are common to 
all green glass, and by dilution with purer materials, decolorizers, ete., slag 
glass ean be brought up to almost any desired standard, consistent with the 
iron and other impurities in its constituency. However, without attempt- 
ing to predict the possibilities of its manufacture in the future, so far 
its use has been confined to the ordinary black, dark green and amber col- 
ored bottle glass. 


FLINT GLASS—(CRYSTAL.) 


Analysis of Lead Glass. 


= a FPG oo Alu- 
Glass. Anaylst. Siliea Soda Potash Lime. Lead. Tron mina. 
Bnglish crystal...Paraday....61.93..... 13.67 ..... 33.28 ..... 2... 
English erystal ....Berthier...59.20..... 9.00 tenes 28.20 0.40. 
French crystal. ...Sauerwein. .48.10..... 12.50 0.60 38.00 0.50 vee 
French erystal....Benrath....50.18..... AD 62 2 cans 38.11 1.30 1.30 
American erystal.. Fleteher...53.98 6.71 7.60 ..... 29.78 1.93 1.93 
Ameriean erystal.. Fletcher. ..54.12 5.58 WO Bos 210 31.27 1.05 1.05 
Analysis of Lime Glass. 
ic ra i Pot- ; Mag- Manga- Alu- Bary- 
Glass. Analyst. Silica, Soda. ash. Lime nesia. nese. Iron. mina. ta. 
ApeUGh MURCIORLETE TD 10 Lom outer bt. ao etl ee cereus 
“< tubes Berthier.69.20 3.00 15.80 7.60 2.00 ..... 9250) “1200 S.8 
Bohemian Rowney. .73.13 3.07 11.49 10.43 0.26 0.46 0.13 0.30. 5 
American DeBrunner 71.92 14.55 ..... 5.14 2.04 ..... ...-- C.27G22e. 
American Henrivaux 70.40 9.13 8.66 10.00 ..... 0.50 0.02 0.99 .:... 


American Benrath. 67.10 10.30 4.20 5.10 ..... -.--- 0.10 0.30 11.90 
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Under the caption of flint, or erystal glass, many varieties of glass may 
be properly classed; and while there are different grades of flint glass, yet 
it is important to recommend the use of the best materials for the finer 
grades. Of course for the manufacture of ordinary hollow ware, a glass 
made from cheaper materials may be entirely satisfactory. Such titles as 
“ead flint,’’ ‘‘lime flint,’’ tank flint,’’ ‘‘German flint,’’ ete., are applied 
to glasses graded according to materials used and circumstances contingent 
to their manufacture. It hardly seems necessary to specially define any 
of them, but rather remark a few especial features in their manufacture, 
and refer the reader to a list of well selected recipes. Old recipes for 
erystal glass called for less lime than is in use in present day practice; as 
a result the glass now has a higher polish'and more resistance; but it must 
be remembered that an excess of lime retards fusion, and renders glass 
refractory and liable to devitrification. To avoid repetition we refer the 
reader to the data given in preceding pages regarding the materials in use 
and their respective actions and effects in glass. 

As a basis for a good soda-lime glass, it is said that the composition 
must approach: Lime, 1, soda 1, sand 6. Benrath recommends the follow- 
ing: Sand 77, soda 14, lime 9, but circumstances modify conditions and 
must govern the proportion of all materials. In lead glass the yellowish 
tint imparted by the lead must be neutralized with decolorizers, as manga- 
nese, oxide of nickel, cobalt, etc. The same applies to the bluish green 
tint imparted by soda. 


BOTTLE GLASS RECIPES. 
Belgian (Colne.) 


4 
PRELRLOL yart aya see, o Shaw xe apong lara Pearl ash 
Sulphate of sodium. Limestone 

Green Bottle Glass With Salt Cake. 

——2 
MANGES Brapeaish lew 5 De ned ot sgh soe 100 Ground slime s;,.n2.. vyesis whet ee 
AS CALS isaintecs sree aceite 38 CMatesal teverta cis ea-teeSereste tats 5 

Passaks iene) 

SONGS sen .ce is pele EN cota ee oe 100 Ground slanesnheaerd-i5 ooo 38 
Balt Cake: les ose eters so sistartasibiers 40 Charcoal < tis 22s csnsitios sis be siee 6 
Green Bottle Glass With Soda. 

a get 
ANON. 2.2 ses chose ae wees ea uw 100 UNOS ees ete geites acces Sas 32 
Soda Caleta es sone see 100 
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5 
PAN ha airs <n ocsinse sg = Sraiclelninus =sei?a 100 VSI foes ee ee sere leas ete oe ce nate 38 
Soda (0,01 Bee abet mae noaetE anon 100 


Amber Glass Recipes. (For Bottles.) 


Salty CORO ol aieisisisieceliics oes ee riger 40 


Sand 
Lime Gharcodls oo.te anisenc cen eae 8 
Cannel coal 
pene Le 
Sand Wine nica ncatlencie-s oritawyhs cee oe 
Soda ... Mannie! KODA... Ps sass e(clates ortees iit 
2a = 
andi aeiers vereraatalsearrieys eraeseieiace = 100 Galt veakse. ..<¢.ctescsera cae mine 
. 32 Gi areal: 22 cucprciereersiareions oyetesaree 4 
8 
See sae 
Sarid! esse aaiienesn ei acia oon 100 Lime 
SOE ctrunvelemnbicin aeplermeloigaregiedie.< 35 Chareoal 


LEAD (CRYSTAL) GLASS RECIPES. 
English. (Pellat.) 


Sand (Potash as it see emeses toa 112 
Lead Galtpetresi ci. 6) Miroae om 14 to 28 
Manganese 
English 
1 — 2 
Ban dime. Vecsetmartede seatee arate 100 OTN aioe ertsas sara Sete aero ve eed 01 
Soda (90%)....... 39 Nickelous carbonate... ..0008 to .01 
Minium (red lead). me Dil: Red cobaltous oxide. . .0005 
INDNIW ED bgoe aba nd Co bee tore ero 3 (OnE Ne Se me Arlo mineiyoe betas 100 
English Crystal. % 
=~) 
SSA Ci cuenic ciate Hoyeate a gnwinteuiarees s 300 GAUGES 1: Sysceemiee yr agrees oe 300 
Lead 200 SALtPSERG: a acco ele dae mieres ees 48 
Potash 2 son cidslamter sis . 80 Manganese: ...45.2.25- secs Hoses 34 
BARON Clues \tiotesess sealclose aseeeie avehet af 
English Crystal. 
—ti— 
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NGG Gs crpatsotale ana sare ates. = ohne 80 Saltpowre: cn) sees soe 0.5 
Potash Ss lyes ee spose Sas == 40 Manganese ......-.+.0-+2005> 0.4 
French Crystal. 

—5 
Sarid. Sc ash aslo nains sole = at oe 150 Cult eer cle ee gitar or nieiaies aie 100 
esd iets nace wae! 90 Borax stip 8 
Potash 40 Matieanesé sucess en oreee 1-10 


Arsenic 


Slematl 2 seatersl ofaysl rey tot ota geen esi ziele 100 Potash 
80 to 85 Nitre 
Manganese ....... is idiot seas 0.5 
Dumas. 
ee 
BANG vessel eciecees oe og sae BUN. POtGSe waite sccveitn notte. pithoatae sear 110 
Lead Daltenres cacst eosin 10 
Borax 
pir aes 
German Crystal. 
and ack « versie eos de aae OU GUTTER, Aeiis es srenye le ewne enn enslave 100 
Lead Manganese 2.508 vaewn owes 134 
Potash TSLEMGL yoyane Ryat nave Save omnes toro eee 60 
American Crystal. 
py a 
RSHMICY ayovesr batons vate oe fetes ansie ats 1500 Saltpetre 
WoGad eine cgape div. eeiag sacs oe .. 600 Manganese ... 
PG bas este Sete sid wis ictais uyaataysre.s 500 ArreI Gy iF, oat ave waists erases tent ance aye 
Soft With Cullet. 
ae 
Gi RSA ipaer weeeg ty cored series 400 GGL is atarere. atavNais esiaare sense soot 
OATS 6 as deteveternsferintal seis Seniesa late 10 Pearl ash 
aie Te 
Sand ... 336: Nitra terse nelsonone artes 28 
Lead +224 Manganese 94. foicis.2e. Sanne 5-32 
Pearl ash IES -AWROII GM rath tet sterelethic ave sent Se 1-16 
Best Flint. 
oo 


450 INSEE * Caevecraescoh tes srs quae 
250 Manganese 
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PROUT ASU. 5 ole querayalerers sicielcine > oi 125 BAEC RE D1 Geg sete 5/eatherstesetes aaterren tel eee yy 
NES EASE ters cloriatestanecataces ert eoe Ne 1% 
i 
INSGLO) Sons otros ios ose 100 
LUT fog ental nha ere ste Bay OB ae 1-16 
Pearl ash, 300 to every ewt. of batch 
—14—_' 
Sandie nie wesciats het ne ws Seles aaie 500 INI ERG  Wirire aie jerata oe aess. 2 ais eer 75 
TUGHUS -cctivats sicueleivisins seivieme aera 160 Manganese ......... 3% 
IP GRE LUAEN My reitars tees stones 2 150 Phosphate of ealeium...........4% 
SS 
SSDI versa: sherp suarats atore,eie Se gentclatsls 600 etd: 2.005 ce wes ae 2%, ap aoe 0d 
Pearl ash.. 130 INGEGROL casas otiarece excnsar fotics. ameter 1 


4 
a GS 
. 100 Pearl ash .. 
48 Soda 
8) Arsenie 
1-16 Antimony 


Manganese ..........- 


Good. 
pee | alee 
Snel batpnEopiee esmeenc cs 0.2100 Tedd Aisne Hotaviancaces os wsteoi 750 
Pearl asl cic. snares vs om le tinny 600 Manganese 2 
BNGETOE pierre tas htee ah elviotes ee 20 250 Arsenic ..... oe 2 
Cheap. 
i 
RNA priya vierpi tas seein oa vin riches oct 2 INTENG Te eect raise ts sacle gery 
Pearl ash 5 Borax 
GSMO! cae ducserest one neciasie Ge 9-4\e- aie whee Arseni¢ 
Manganese 
1,9 —— 
FUENGL, 5% siatavanu qissareiess ere ouareyonn Sus 2 INARLOe oe atten yer ev eset 
WGA! esNese wstereine = Arsenic ... 
Pearl ash Antimony . 


Manganese 


Good. (sand... 5, 2.8258 os 225% Ground limestone 

Potash (90%)..--- Nitre 

Minium (red lead).... 3 Manganese ..............-556+ Bt 
Crulletm Seeieao scere sstse ate we wae é 
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KILN METAL. 
21. 
DONC on sy ota ger ectie ea Se 360 NBG: boidetes sass teehee eine tert 30 
LEG ISS SR era ee eae eee 150 BATSON 1Gio v2 ajpesio, se auséteceieveie cae i. 
Pearl Mash. Tlic eave, oe ati eRe 125 Manganese: ates ieweeycecone wy 
ago te 
iSEVCG lp ee CLARG,” ene aR 500 eariiraaht cusses parece amet 150 
SCAG.” (oxsidsctersin, Soleins easels siege ees 350 NTE erst siesta etic ,e eaten 30 
Manganese ........ Wiartvenrieiere 7-16 
ie Sees 
Nitre 20 
Aresnie ... VW 
IMT SBT OSE! < ono tiecetesteinaje veo szereio wy 
24 
SAIL Seo Ssldiee s Sise oda as ane tie 650 NDI ahosetpnalense satel ate cer cvonctarerans or 22 
Lead + 250 Phosphate of sodium ivi O 
Pearl ash. . -300 Phosphate of calecium.......... 1% 
Mampandse! sc.cs nei et rssae ons Y% 
Three-fourths Kiln Metal. 
25 
720 NUE” Sessiee aaanse msbiee aes 60 
-470 Borax: o..is cacy.) 
bath “ashicaissc naisad ects yen 240 MansanGRe) oe a.) sys aime aa % 
Lead, Soda. 
26 
Band” seecsacwmen sissies sees 252 Nitrate of sodium............ 56 
Litharge -140 Manganese ‘ 
Soda 98 IATISANTG | Hetitayove rare sieleieiacha ate 
Baryta, Lead. 
—27. 
SEE Te S208 SB Sey RR ey ee 260 Carbonate of barium.......... 400 
ROUASHY aisieiena.s ss sacra iayena Sortie 160 Oxide of lead 
Baryta, Soda, Lead. 
RE. 

[Spe Rien Seren re Dts Sasi 350 Oxide:.of lead’... ssiis2s. shes ae 230 
Carbonate of barium.......... 300 BOAR Breas siecle ome en tes 100 
Baryta, Potash. 

2.9. 

ISA Mayas ie ecm seattle are 500 TR TAME BP) ras ae ee Oana ae 200 
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LEAD FLINT FOR OPEN POTS. 


= ops 
IATA spelse wlsie siclevaststore oreiciarenie ss 500 (OUD Sas © baa eer Aan onse ts 450 
Lead Saltpetre .. 40- 
Potash Maneatiosa’ <4, te seitelsis 18 are use av 
Sand Carbonate of calcium..........- 30 
Lead (Clie ae eka tes oe aca 90 
MANPENGRG! nc caiceulene Selcse aL. 


OPTICAL GLASS. 

Optical glass is difficult to make and its processes are carefully 
guarded, so but little can be said regarding it except that the glass must 
be perteotly homogeneous and absolutely free from all stratification, as dif- 
ference in density creates corresponding differences in the light refracting 
powers of the glass. 

OPTICAL GLASS RECIPES. 


Chances’. 
ity es : 2 3 
SETAC Nera 9 ¢seote ace 100 100 100 Potash 25 26.66 
J OCENS Peo Bl par cece. 67 128 105 Saltpetre 2 48 
Guinaud. 
pe, 
DSBS otc wieiei sien sew elon tatacaresSie 100 Borak ey 39 seiqatoas ot eects aes 1.75 
NOG De ereenea ..100 Manganese 
Potash (pure). ores TAPED Giwsinisy, ora ser ebeaeis aces ates [ear 0.45 
Dalipete: 6c svient ay saieies aye oe al 33 GSOLIC TH) adore nse mpern esewsia ee chelate 22 
Bontemps. 
aS 
Sand 100 | Snli Cinmeegterd coer c nn parrGrnre 30 
Lead -100 SSOBAS INTs cutsee's cern ts Retneiemne tasty 
PROEHEL Soc lyare ta. wcs'eswlaieitrs io gdlajess 3 al 
Bontemps, 
we 
RSG ois ave;s aiaseter reo tieisieiauuie ei ese 100 Potash) Ss. e-c. is Snose connate 23 
TEGO -cteie cists cla alalein, te veinecerneen = 100 Bora A. the Seca wate 6.5 
Bontemps. 
—5 
..100 La EINE Spee areca eyo Pee ee 26 
100 Saltpetre: 2.3 27.2..0 eo sies teas 6.75 
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LIME FLINT GLASS RECIPES. 


Bohemian. 
—1 
Rand) cated sratcy or scicre terrors ern ess oo 100 NTO) Sarasa st ese one ete 
Potash: 24 po) Green nickel carbonate 3 
Burned lime . 19 Galati croton oseie vgs ements 
2 
Sand .. Ressceaeecteneye ts 100 (Sulleoyy cercot sesso ns sont tee 100 
Potaeh 5 tee ~. 25 SG EW Bie erce eae pnereioiersoke ot. 5 
Burned lime 20 sinebarhc, <pBeMy recite Ma RS CePN eee} 
EATORTELG, tr oid siofg rs cies Siete a el esae 0.75 
5 ae ee 
SE (ily SO RBRACGOL At ace eareras 100 Cullet 
SHAH Wears Gata ofs ants Mert a cictsrC rae 25 DOGAL Arisa eds 
Burned lime 17 Arsenic 
ING GEG ote fact ecoutslaieis tetic? Wiese Bay 0.5 Manganese 
_— 
Sand RSSUNG rae ive seNstdin. tara weiss ' 0.5 
Soda Borax ; 0.5 
TEMES TONES. su5y5-1) ete wise essere Sh 25 Carbonate of stake sus sia) Saco 010 
INTtYO' oie Hees Red oxide of cobalt.......... 0006 
COUNT DES ak Thee ve ePPn ea ee Bae han 100 
Lippincott. 
Ss 
Quartz sand! ..06.. 36% .ceee: 100 CHAI, soysiicaste vers ta oyeraito ory aie siege, 8 
Carbonate of potassium........ ,60 Manganese: 23: siecin toe ements 75 
French. 
Colne. 
—6 
S00 Reon one onpae or ne ys 300 TBinG: Gs, cestonuvevave cee el setrpeconaye ante 75 
Carbonate of sodium.......... 170 Csr etl etic a, aye casee Hejeuettr ie heise 10 
Lippincott. 
a a 
SACL De a ANGe rR Aaa ACO OCS 100 SLIMG ets yore sie. si s\s)scees SFA para ete 18 
Carbonate of potassium........ 30 Manama a s.1i05s ae )ese ois seta = 0.5 
Belgian. 
—_ 
SVE Ys feet anjessloce ws scales wre sine tages 100 Carbonate of calcium.......... 24 
Soda (95%) 32 MGHEEO ANN elotave(atesal ar alis ttre te tees 2.5 
—9 
Sand! a spsesiecesiosd as te cele 100 Carbonate of ecalcium.......... 24 


Sona, (OGG. sett ye pede «ia sth 46 Charcoal 
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American Practice. 
|| ee 
AN diaruiexe ca ese vanes ake Saye ke ere 400 Tame see. ender ehe con 35 
OUay sa sa aG choe wea satchel cess wre ace 155 Manganese He 
Saltpetrale. a..mipae acta teers 20 AATBOIIG! foye-ctivens Soca aaw eee 2 
ees je 
Sead Widsets itis nein nM grete nee 550 LOLS eR tbe cles toh, ene rena ee 
Manganese 3 
PATIO MACH oS.) erascrte tase lees 2 ee ciara 
ope 
Band! sys shee tae wees oe DOU WAIVIG: sss nas Ward one vices ore sales ate ale 55 
OUR y arcaisoca nace rey coer Aas 190 Manpanesen < oc-emiied tee se oe WY 
Galtpetre js.ciets eehicerecees 3 20 WTBONIG © tact ese waren cen tele fi 
Henrivaux. 
=o 
Sand 100 ake arart Greys sale tise eee 
Soda . 37 Arsenic 
Nitrate of sodium 8 Manganese 
Henrivaux. 
peat |) ee 
POST! Laie ve nin cataud bee gi Sarz.sts wal Oave 100 Ground: line: ac scnas senate 25 
roteebie 3.°.chys crete. oer 8.5 
Henrivaux. 
ee Yee 
POAT Cie Ah lates odes tite see eee aiate 100 PORES eters tren sce peers ate coors 33 
Roda (Ground Mime eu servic es aot a 25 
MONEE cee aesaienavaree sans ay Bearcat 115 
Gas Belt. 
—16 
PANGS gers annctahil ok with iae esl ae 1500 ATSANIC yukon Semen Tee 
(SOda i weal eas . 550 Manganese 


Nitrate of sodium. . 80 Powdered blue ‘ 


BONE ASH) Victer Sesiasins castes 4 
Good. 
——1 7 
Sand - 1500 Nitrate of sodium. ros 
Baday 42.1 -- 500 ATREMIO! cs Saas Ber 
Ground lime 150 MVEA OANORA es eet es ne ead soar 2 


ASONALE) Sosa heacnea ponstavtes raises wrest Ye 
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‘ pee Sf ees 
Sande pews sos earns e Saree te 1500 Antimony (needle) ..........- 1, 
STUGES OAc . 550 Manganese 
Ground lime ........ .. 150 Smalt ..... 

Nitrate of sodium..........-- 100 PBOLEX 1 nise's a «ins aceon eins og nt 
SS | 
atid paca g aitie's seviteis © oe ee 120 (01S Rape a nnenn rr oMetormsoiauG 50 
Soda ash x= (60 Arsenic ... VY 
Carbonate of calcinum.......... 30 Maric GRe: cx.) ciiqiedalen/ia sass % 
Cheap. 
a oj aes 
Bariden Pact teeters atiaiieeroe me eatets 200 PESENIG ME pei risecies seit ois Sige ie 
Nitrate of sodium............ 2 Manganese ...........- 
(CULE ant oben o pe eRe oro 60 Sulphate of sodium 
G@harcoal) visaeace aeeennies a-rar 2 
Cheap. 
ee ee 
Sand Manganese ...... 7) 
Nitrate of sodium ! Sulphate of sodium refi) 
Arseni¢ Charcoal! hy ciine sees ete aloee YY 
Common salt 
Philadelphia. 
Si as 
ONEUROY seca ssrcrded Sraaenner sere ater arnt 
Arsenic ... 
Manganese 
Gray zaffre 58 
With Potash 
SS) 
PSBMUG Faces Helos pare lois ties eyatecerans 300 Lime .. 
Potash 


Manganese 

With Potash. 

22) es 
Sand Lime .. 
Potash Nitre 
Manganese ...5......43.5.00 nf 

Baryta, Potash, Lime. 
—— 25. 
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IDOL aaNet an tr datence occ aterclete cielo cists 70 Oxide “of lead, .52, se sto a0 ses 100 
Carbonate of barium.......... 100 
Baryta, Soda, Lime. 
a ee 
PSHM cole sr alncws sleralape acest carvers 600 Carbonate of barium.......... 210 


Od. = scones ose sa aoe aalereiai 110 ERMO oi sialy se traretee Site iiae cielsi 80 


CHEAP FLINT GLASS RECIPES FOR HOLLOW WARE. 


=, 
NS BT Cites nslonecaittesatle Palate e og o.ckesoiK 300 Quicklime 
Soda ash . . 150 Cullsh Mitac. 22 cisions ceenievn ties 
Arsenic % 
es es, 
FOP RISE De OpanSRA Nera nes eeraTae a 240 Carbonate of caleium........... 50 
Soda ash ...... 120 Arsenic 
Nitrate of sodium............. 2 Wiampanone® Siro oa sect consists. 5g 
With Potash. 
ae 
Saltpetre 
Manganese 
Culleties.. ss « 
DANO! eoaiewaeuee cor eet en 100 Manganese: 213 secede eae 5 oe at % 
IPOTASHY 1c ctrea ata «. 40 Cullet 
Slacked lime . . 40 Arsenic Any 
Balipetre” vis niadi cs oe sae eee 8 Balin wich caasteamesese atcpriye 
With Soda. 
<i e 
100 Saltpetre ,.. h 
238 Manganese zane Ue 
'30 Cullet ya tater ahremereal iclere 100 
ere Bee 
SS sans TU itecer shar reytgihs.aualntotately bra sotsNtrers SATREDIC RR aes cise AG Lickers Wire oieenahe 
Ground lime . 5 Manganese 
SOU ait te Yai netetman anes oanerate GREE Se Pita veid seek Rarejsin ay Sane 
With Salt Cake. 
ees, (eee 
RSE GE SI Gan Sue aye een ee Charcoal 
Salt cake Arsenic 
Ground lime Manganese 


CE ILST aS Aan thee Ae emai 
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BANG. ease sas ect o-7 Wn ere oetevlo! = Charcoal 
Salt cake ... Arsenic 
Ground lime ... Manganese 


(Qin A RRAB nea aera rons 


COLORED GLASS. 


Light and Color. 


As light is the true source of color, it is necessary to examine its con- 
stitution to obtain an understanding of the fundaments of color. When a 
sunbeam shines through a prism the ray is not only bent from its course, 
but it is spread out fanlike into what is called the solar spectrum, showing 
six prominent colors, viz.: violet, blue, green, yellow, orange and red. If 
we pass the spectrum through a convex lens it will show a white spot; we 
therefore conclude that white light is composed of six colors. They are 
separated in the spectrum because the prism bends them unequally, violet 
being refracted most, red least. These colors are divided into three pri- 
mary, or simple colors: red, blue and yellow; and three secondary or mixed 
colors: orange, green and violet. Orange is the result of a combination of 
red with yellow, green, of blue with yellow, and violet, of blue with red. 

The primary colors are pure and cannot be produced by mixing other 
colors; their color may vary in intensity, but it cannot vary in hue; while 
the secondary colors may vary in hue indefinitely, according to the primary 
colors of which they are formed. The analysis goes further: Two colors, 
which by their mixture produce white light, are termed complementary to 
each other, and herein arise the complementary colors. Thus, if we sift 
the red out of a beam of light, and bring the remainder to a focus, a green 
image will be formed; hence red is termed the complementary of green. 


_We assume that white light is composed of but three colors: Red, blue and 


yellow; the absent color from the compound is termed the complementary ; 
and this complementary of any primary color is the secondary or mixed 
color composed of the two primary colors. Thus, the complementary of red 
is green, (blue and yellow) ; the complementary of blue is orange, (red and 
yellow) ; the complementary of yellow is violet, (red and blue). Any given 
color may be modified and appear very different, according to the cireum- 
stances under which it is seen; contrast of tone; the glazed surface of the 
colored substance; form of object containing the color; quality of the light - 
by which it is illuminated, (if light be added to a color it is tinted; if taken 
from a color it is shaded; thus—yellow tinted, would be light yellow, while 
a yellow shade would be a dark yellow). As an illustration take red, and 
its tone and intensity may be modified by placing it in contact with other 
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colors. Placed in contact with white it appears lighter; with grey it ap- 
pears brighter; with black, duller; with blue, yellower; with yellow, bluer, 
and with green, purer and brighter, as a color is always heightened by 
being placed near to, or in contact with its complement. 

When light passes through a transparent substance if all its vibrations 
are transmitted in the same proportion in which they exist in white light, 
the body appears colorless; but if some of the vibrations are absorbed or 
extinguished, the transmitted light and consequently the transparent body 
possesses the color produced by the combination of the unchecked vibra- 
tions, and intensity of color depends upon the amplitude of the vibrations. 
When a body absorbs all the colors of the spectrum except blue, but re- 
flects that to the eye, we call it a blue body; when it absorbs all but green, 
we call it a green body; if it absorbs all the colors we call it black. 

Thus arises color in glass, by the combination of the oxides of certain 
metals with the ingredients producing the glass, which become dissolved in 
the resultant product and possess the power to retard or extinguish certain 
of the vibrations of white light, and transmit corresponding colors. Thus 
colors may be produced simple or compound, by the use of a single oxide, a 
combination of oxides, or by a mixture of their products. 

The nature of the metal, quantity present and state of oxidation, how- 


ever, modify the power of extinction or absorption, which is illustrated by 
experiments with borax beads holding metallic oxides in solution and ex- 
posed to the action of a blow-pipe flame. Some metals, copper for instance, 
form two series of compounds, and give different colors to the bead when 
present in either the higher or lower state of oxidation, assuming a blue 
color while containing the copper in the cupric, and a red color when in 
the cuprous form. Iron in the oxidizing flame gives a deep orange color; 
manganese a violet; nickel a reddish brown; cobalt a purple blue; and chro- 
mium an emerald green or yellow. While in the reducing flame the orange 
of iron becomes a dull green; the violet of manganese disappears; the brown 
of nickel changes to a turbid grey, while the colors of cobalt and chro- 
mium remain unchanged. Opacity, or total extinction of light, is generally 
obtained by an infusible and insoluble excess present in the substance of 
the glass, by which all of the vibrations of light are absorbed. The black 
opacity is obtained by the excessive use of manganese and iron; and white 
opacity by a like use of arsenic, tin, calcium phosphate, fluor-spar, eryo- 
lite, ete. 

Generally the coloring agents are incorporated directly with the batch. 
The former practice was however, that labor-entailed process, of first melt- 
ing a pure flint batch, which was removed from the pot, cooled and pul- 
verized; the coloring agents were then thoroughly mixed with the pulver- 
ized glass and it was remelted. This practice, for obvious reasons, has been 
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superseded by that of the direct incorporation of the coloring agents with 
the batch. 


The Principal Coloring Agents Used in Glass. 


Some oxides, as gold, silver, copper and iron, require special 
manipulation. 

Gold. 

Gold is used in glass to produce a red or so-called ruby color, which 
may be said to be difficult to obtain. Primarily in a ruby batch all ingre- 
dients must be of great purity, and the gold must be intimately ineorpor- 
ated with the batch. The temperature of the furnace must be sufficiently 
high, and the melt well regulated, as the color develops anywhere from red 
heat to point of fusion, and is aided in development in proportion to 
greater amount of gold used. Any batch producing salt water or 
‘‘olass gall,’’ must be avoided, as the gold will not distribute itself so long’ 
as these impurities are present. Two dangers are to be avoided; first the 
super-oxidation of the gold, which forms aurie oxide, and does not color 
glass; second, the conversion of the oxide into metallic gold by reduction, 
which gives the glass the property of transmitting a blue color, while refleet- 
ing a dull brown. Hence it is very important to avoid an excessive use of 
reducing agents, and neutral agents must be added to the batch to regulate 
and limit the oxidation of the metal. 

Gold distributes itself in the glass uniformly only at a very high tem- 
perature. Mueller claims that one part of gold will impart a red or ruby 
tint to 50,000 parts of glass, remain visible up to 100,000 parts, and entirely 
vanish at 200,000 parts. 

Gold is added to the batch in the form of ‘‘purple of cassius,’’ which 
is prepared (according to Pelletier) by dissolving 20 grammes of gold in 
100 parts of ‘‘aqua regia,’’ (20 parts nitrie acid, and 80 parts of commer- 
cial hydrochloric acid,) aqua regia being the only true solvent of gold. 
Evaporate the solution to dryness and dissolve the residue in water; filter 
and dilute with about 7 or 8 deciliters (about 1144 pints) of water, and 
place in contact with tin filings. The liquid will then undergo a vigorous 
action and become brown, when a purple precipitate is thrown down, which 
is then washed and dried at a moderate heat; this constitutes ‘‘purple of 
eassius,’’ and is composed about as follows: 


Bbarinie: Abts seis arctctscecteicie'b oad sislernnaye’ oa eschelaselsih miiajebejes oak 32.746 
MOR TASXIG: Ole sULTA cela asclpistmivnssateta our Sit antetays wa iiove epeteinst eye chopeftre 14.618 
Protoxide Of) Golds ss. cee aioe os serous lances ote tee spins 44.772 
SMV HSE! | reese eee wey sn sercimstsinIS a satmseceis weave tyatare ale) seh ary, pestaaTa 7.864 

100.000 
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American colormakers, however, have dispensed with the use of tin, 
and simply dissolve the gold in equal parts of nitric and muriatie acids, and 
facilitate the dissolution by means of the sand bath, and as soon as disso- 
lution is complete, the liquid holding the gold in solution is poured over 
the sand entering the batch, or on the batch itself, and thoroughly mixed 
with it. 


Silver 

The oxide of silver yields a color from light yellow to orange. The 
silver is not mixed with the batch in the ordinary method and then fused, 
as it is invariably reduced and is found at the bottom of the crucible. Silver 
added to the batch produces a pale yellow glass, and by attempting to in- 
tensify the color by increased quantity of silver, brings about an irides- 
cent surface to the glass, instead of a deeper color, by that part of the 
silver over and above what is sufficient to saturate the glass, being super- 
ficially separated and producing other light effects. But if the chloride of 
silver be mixed with any convenient medium, say powdered clay, and ap- 
plied to.the surface of the glass with a brush as a pigment and the glass 
exposed to a moderate heat in a muffle, a yellow tint or stain will be im- 
parted by penetration. By experiment Lemal demonstrated that by baking 
five minutes the color penetrated to a depth of 0.17 m, m; after one hour 
0.34 m, m; after eighteen hours 1.6 m, m. By this means a lace pattern 
can be transferred to the glass by dipping the lace in a 0.001 per cent so- 
lution of silver nitrate, and then in potassium sulphide. The rate of pene- 
tration depends wpon the nature of the glass and its atomie volume. But 
glass so stained should contain alumina to get a good effect. 

The chloride of silver can be prepared by taking one part of nitric acid, 
and three parts boiling water, which forms ‘‘aqua fortis’? and will dis- 
solve one-third of its weight of silver before the acid is perfectly satur- 
ated. To precipitate the solution dilute it with five times its quantity of 
water, and add a portion of common salt; stir well continually. A white 
powder will be precipitated; decant the liguor, and continue adding boiling 
water until the water becomes quite insipid. 

Silver is rarely introduced with the batch, because: First, it does not 
readily unite with oxygen; second, it loses its oxygen at a high temperature 
and becomes reduced to the metallic state, in which condition it exercises no 
coloring effect and is consequently worthless in that capacity. 


Copper. 

Copper forms two oxides; the peroxide or black oxide colors glass 
green; the sub-oxide or red oxide, red or ruby. Copper imparts its eolor 
ata Pate red heat, and in making ruby glass especially, much that has been 
said regarding gold, in many instances applies to the use of copper; inas- 
much as it must be incorporated thoroughly with the batch; the tempera- 
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ture of the furnace must be carefully regulated; ingredients generating 
‘‘elass gall’’ must be avoided; and the oxide of copper must be associated 
with reducing agents of sufficient strength to prevent its super-oxidation. 

Copper colors glass deeper than gold because of its greater fusibility. 
For the purpose of holding copper at its lower state oxidation, oxidizing 
agents are avoided, and reducing agents, as oxide of tin, iron scales, ete., 
are substituted. 

To prepare oxide of copper, mix copper filings or small pieces of cop- 
per, with sulphur, in a crucible and burn until the whole is reduced to a 
cinder. When cool reduce to a powder (copper scales). Muspratt’s method 
of procuring the sub-oxide of copper is to boil acetate of copper in four 
parts of sugar. The sugar assumes a portion of the oxygen from the cupric 
acetate, and it is reduced to the sub-oxide, which is precipitated as a bril- 
liant red powder. Boil moderately about two hours, settle, decant liquid, 
wash and dry. 


The use of commercial copper scales imparts a cheap blue color, which 
can be varied according to quantity of copper scales used. 


Iron. 

Tron colors glass green, yellow or red. The pure oxide of iron imparts 
an orange-red color to glass. For this purpose it may be prepared by 
heating the nitrate. The protoxide of iron imparts a green color, which 
however lacks brilliancy. Care must be taken to prevent the conversion of 
the protoxide into sequi-oxide, as the sequi-oxide colors glass orange. 

An orange yellow can be obtained by combining iron, antimony and 
minium. 


Manganese. 

Manganese besides being a decolorizer yields, proportionate to quan- 
tity, a color varying from rose to violet, purple, brown and black. But 
manganese when exposed to intense and prolonged heat parts with a por- 
tion of its oxygen and becomes manganous oxide, and glass containing the 
oxide in this form is colorless. 

Manganese used in connection with the oxides of copper and iron pro- 
duces the color termed ‘‘London smoke;’’ (this same effect is produced by 
the combination of blue and amber colors). 


Cobalt. 

The oxide of cobalt yields a very rich color. It is very positive in its 
results, and is exceedingly easy to handle, and colors glass a deep, rich blue. 
A small amount of iron or copper oxide in connection with cobalt aids in 
preventing the hue from verging to violet, when used for intensity of color; 
while nickel or zine brightens a cobalt blue. 
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% Zaffre, an impure cobalt oxide, may be used, but there is no economy 
in its use. 


Uranium. 

The oxide of uranium produces the peculiar yellow color verging on 
green known as canary. It is too expensive except for the finest grades 
of yellow. f 

Chromium. 

The oxide of chromium produces an emerald yellow, passing into a 
grass green. Used in excess the surplus remains disseminated through the 
glass in sparkling crystals. 


Minium. 
Minium, or oxide of lead, used in excess yields a pale yellow color. 


Antimony. 
Antimony sulphide roasted to a state of antimonious acid, and melted 
with from three to five per cent of undecomposed antimony sulphide pro- 
duces a fine yellow. 


Selenium. 

Selenium is added directly to the ingredients in the pot, and imparts a 
rose tint to the glass. The depth and intensity of the tint depends upon 
the character of the glass to a certain extent, soft glass assuming more 
depth of color than hard glass. The tint however depends more especially 
upon the quantity of selenium used. By combining cadmium sulphide with 
the selenium, an orange-red color is the result, the intensity of the orange- 
yellow being proportionate with the quantity of cadmium sulphide, which 
should be mixed with the selenium before introducing it to the material to. 
be colored. 


Nickel. 

Oxide of nickel imparts a bluish tint to potash glass; a hyacinth tinge 
to soda glass, and, used in excess, imparts a violet tint. The tints imparted 
by nickel are constant. Nickel is generally used in the form of nickelous 
oxide or protoxide of nickel, a powder of dull green color. 

Zine. 
The oxide of zine, as a rule, imparts a yellow color. 


Carbon. 
Carbon occurs in many forms, and is used for coloring glass from a 
straw color to a dark amber. Any carbon, or carbonaceous substance ef- 
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fects this purpose. It is generally used in the form of powdered chareo. , 
anthracite, cannel coal, coke, birch bark, burned animal hoofs, corn, oats, ete. 


Calcium Phosphate. 

Calcium phosphate, generally in the form of bone-ash, is used to im- 
part opal color or opacity to glass. Bone-ash glass however, is brittle and 
difficult of fusion. Used in excess it increases liability to oxidation if ex- 
posed. Calcium phosphate used in moderate quantities imparts opalescence 
to the various colored glasses, which is developed in proportion to the 
amount of lime used, and temperature to which it is reheated. 


Cryolite. 

Cryolite is a brilliant mineral, sub-transparent to translucent sub- 
stance found in Greenland, that is sometimes used in the manufacture of 
opal glass. Its composition is about as follows: 

Aluminum 

Giithani Piss nae AnGA SO LEN wm Goth ononce ComcLE cone rs 

MEAT) UATLE 92h svat osavesstutexatcve fe, ota) 4-sSbeeraanetare stig ye slecsactalfenataye Meo is teremsefals 

It is fusible in the flame of a candle. The use of eryolite is objection- 
able on account of its vigorous attacks on the melting pot. When used it 
is proportioned about 14 pounds of eryolite to 100 pounds of sand. 


Sodium Seleniate. 
Seleniate of sodium is used to replace oxide of gold in the production 
of ruby colored glass. One to two pounds of seleniate of sodium to 1,000 
pounds of sand, is recommended to produce a very fine red color. 


Flour-Spar—Feldspar. 

Fluor-Spar and feldspar (feldspar contains about 14 per cent of pot- 
ash), are used principally as substitutes for eryolite, ete., in the manufac- 
ture of opal glass. While their action on the pot is even more vigorous 
than that of eryolite, yet glass in which they enter can be melted at a much 
lower temperature than cryolite glass. The proportion of these ingredients 
used is generally large—40 fluor-spar to 100 of sand; 20 feldspar to 100 
of sand. 


Tin Oxide. 
Tin oxide imparts a white opacity to glass, but is expensive; hence its 
use has been to a certain extent discontinued. 


Guano. 
Guano seems to be the only substance which will impart a white 
opacity to glass, and vet be economical in cost and effect on pots. For 
these reasons foreign glassmakers have long since adopted it. Prof. Draper, 
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of New York, gives the following analysis of Baker’s Island and Jarvis’ 
Island guano, which show the constituents to be be: 
Baker’s Island. Jarvis’ Island. 


Moisture . 7.50 
ORGAIGA IMB ULER se cereiers colin «ore vse oreseayarel z 4.00 
POlUbe GAGE s casei soli sore acme cite neaea yy 2.50 
Caleium sulphate. - 7.00 5.00 
Caleium phosphate. 76.80 81.00 


Carbonates and sili¢a.i...5. 50.0000 ct beeen 1.50 
Guano is always calcined before use to remove organic matter. 


Borax. 
Borax is sometimes used in colored glass to intensify the color. 


Summary. 

Taking into consideration the foregoing we summarize as follows: 

Red is produced by manganese, oxide of iron, sub-oxide of copper, 
gold and sodium seleniate. 

Blue is prodticed by cobalt, zaffre and copper scales. 

Green is produced by protoxides of iron, peroxide of copper and oxide 
of chromium. 

Black, by oxides of manganese, iron and cobalt. 

Violet, by oxide of manganese. 

Yellow, by oxide of uranium, antimony and silver. 

Orange, by oxide of iron, antimony and minium combined. 

White opal, by bone-ash, eryolite, oxide of tin or guano. 

In making colors much must be determined by experiment, as no two 
glassmakers use precisely the same formulas, or work under similar con- 
ditions; and all effects must be determined by such circumstances as crude 
materials, oxides, furnaces, fuels, pots, ete. 

We have assumed to outline in the preceding pages, the basis. of the 
fixed and more prominent colors. Other colors may be produced indefin- 
itely by blending different colors, hues and densities into new colors modi- 
fied in tone and intensity. It is perfectly reasonable to suppose, that as the 
artist blends his pigments, so may a glassmaker blend his batches, to a 
certain extent of course, in the production of compound colors. Good judg- 
ment and ingenuity figure largely in this particular. 

If a color is intense it may be toned down by the addition of clean flint 
glass cullet of the same composition, as the foundation of the average 
colored glass is simply a good erystal flint batch to which the oxides pro- 
duetive of the different colors have been added. The intensity of a color 
varies in proportion with the quantity of the oxide used, and it is very 
important that the materials composing the entire batch are as pure as 
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”? recommends for a 


possible. Pellat in his ‘‘Curiosities of Glassmaking, 
good flint batch: 

WarhanadexOl s POuasier ier ssulacstsastau.a are mooie tire salou pare lyed estes 

Red lead, or litharge 

Sand: Sav. seca:.tes 

Saltpetre 

OxIdEM OL ANAN CANOE 76 555 6 scare e nie's) oa ain aia's ors ole Shaisieyoone 

The American practice in many instances is to substitute an equivalent 
of soda for potash, except when lead is used. 

As lead glass assumes a finer, fuller color it is preferable to lime glass 
in making fine colors, besides a smaller amount of coloring matter can be 
used. But while lime glass requires a larger quantity of the oxides, the 
addition of a small quantity of lead enhances the color and improves the 
quality of the glass. 

The use of salt cake is never advised in the finer grades of colored 
glass, as the carbon required to remove the salt water and like impurities 
would radically impair the coloring power of the oxides; hence it is ad- 
visable to not add the oxides, when salt water does occur, until it has been 
thoroughly removed, and then add them to the fluid glass. In such cases 
it is best to mix the coloring agents with pulverized glass, and thus add 
them to the metal. As the pulverized glass melts it envelops the oxides, 
prevents their evaporation, decreases their liability of reduction to the 
metallic state, and holds them in suspension in the glass, as, on account of 
their greater specific gravity, they have a tendency to sink to the bottom 
of the pot. This is especially so where they have been added to the fluid 
glass instead of being mixed with the batch. 


Red Glass. (Ruby.) 
Gold Red,, 

The use of a rich lead batch is recommended, to which add one ounce 
of gold to every sixty pounds of batch. This is the usual American prac- 
tice. Pellat recommends the use of four ounces of gold to every six hun- 
dred (600) pounds of batch. Kohn recommends 0.115 kilograms of gold to 
every 100 kilograms of sand. 

When a pot of metal is plain it should be ‘‘worked out’’ at once, and 
the color developed in a hot lehr. If the metal turns muddy or thick while 
working it, ladle it into clean water. 


Recipes for Gold Red. 


eS 


Seve Ou iaa eustels a wanton 62 Ibs = Antimony ... 6 oz 
.76 lbs Maneanese iiss) os ae dure «inte 3 02 
22 Ibs GOLAN nses ceetetare 1 oz to 80 Ibs batch 
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Antimony 
Manganese 
Goldie is osleine « 
= Se 
PSEC © iecatevelos hokcunrede Sheetrcisitig a INIRETG, selctw cri ot verste pie Se ae aia 7 \bs 
Lead ... WATBOTHE Siaseie'r scare ssn «eerie ier 1 oz 
Pearl ash (C72) ONS BAe Sey ORs Bs oe 1-0z 


Note—Must be filled, melted, ladled and refilled three times, and has 
the appearance of dirty flint until after annealing. 


SS 
ANUS ers rp aiers diam aa bee ecotwes 32 lbs White oxide of antimony......2 oz 
LOH) sta: ievinanclinne wicis es Noahs esos of 36 Ibs Manganese 
ENTLEO? te cebinatthictae centres ae 16 lbs Gold 
aes Sp 
Peel alia pny, stay ate) a treseinlonetoistolety 
White oxide of antimony. 
MANE ANOKE faints ae rerei tte nresscetas 
pome s|, Can 
ANG) trite rsrnriye tis. b at aysiiatartrate 16 Ibs White oxide of antimony..... 1 02 
(heady traitors torrie thesete oiepar tevahe is 18 lbs Manganese 
INitralwas ccs slemcierscleoe see 8 Ibs Prepared gold ... 
ey pears 
Sand (Oxadeob bits racers eertacitee 
Lead ‘ 5 White oxide of antimony.... 
Gte@shs (sagas. treme ee 32 Ibs Red oxide of iron........... 
Saltpebver .j...s.cclereleetimin see 4 lbs Manganese 
Regulus antimony ........ 134 Ibs Golde tessne ah tecalecd hwleres 2 
ages 
[SE etG moe tp chs, boos Ca SEITE eh docs 102 Ibs Oxide of tins. 5iiss oe sc s0-0aye 13 oz 
POthahiy ders sit sia onhieine eo 32 lbs Red oxide of iron. «. 2 02 
Saeed! oy -sviba te dors afotesnielate ean 80 lbs Manganese 12 oz 
Nitre .. 4(1bs Powdered slate ~ VY 0% 
Black oxide of antimony...134 lbs CO rrcatorp ara mei esteareightrtese Siete 1% oz 
Belgian; rose-red. -- 
=o. 
Tin ->...0.4 dissolved in aqua regia 


Gold. .0.04 dissolved in aqua regia 
Mix solution with three or four 
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Nitrate of potash. 2 quarts of water and moisten the 
BOER) cctv, vas sececmiceeecepieet sand with it. 

To retain rose-red, avoid an excess of lead, which has a tendency to 
lead the color to violet. Per-oxide of tin adds warmth to color. 


Copper Red. 

Copper reds are more difficult to make than gold reds. The reduction of 
the copper must not be carried beyond a certain limit, as the copper will 
return to the metallic state and give the glass, instead of a ruby color, a 
spangled effect; hence it often happens when trying to obtain copper reds 
the so-called ad-venturin glass is the result, and vice versa, Again, when 
the reduction is carried too far the glass assumes an opaqueness that 
resembles a coral or sealing wax red color. 


Copper Red Recipes. 


ae 
SBN Fe srevslofo Shere safeioroie nels to ea wre 100 Gallet: seasen ie sieailaswies ae 100 
Carbonate of sodium .. .. 28 Oxide of copper . austen, 
Slacked lime ....... .. 24 Oxide of iron ....... . 4 
LEST: BIR Aaa ee Se Demet ences 8 Nitrate of potassium ......... 8 
ae eee 
Sand Oxide Of copper <,..csicee a. floats (E 
Soda Oxideiof tin 252.2 osc v6 cnscusa 7 
Lead Nitrate of potassium ........... 10. 
Oxide of iron 
Bohemian. 
2 —3— 
Copper cullet ............ 15 lbs. 


When melted add copper calcined to redness, 4 to 6 0z; let it settle 
and add powdered red tartar; let all refine, and then work out and anneal 
until the color assumes sufficient depth. 


Wax Red. 
Se 
Bhnt--bateh: Sass s.03 3% sks = 2 lbs. Tartar <saltst iisac 0 sce. «a0 2 on 
Caleined copper ........+... 4 oz. Ouida of iron! eeos suena Y% on. 
pres eee 
Sand : Bie Pearl’ ash 
Dead: ssi. CEASE DO EWOD DDO On 6 Raw brass 
Crocus martis ............. 12. 0%, 
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pee 
Flint batch .....0..seee+. sees 30 Brown glass metal ......---+++ 30, 
Caleined copper ...-..+++++++++ i; 


Red lead .......-+++- . 40 Peroxide of copper ..--..---++ 2 
Nitrate of potassium . eae Peroxide of tin .......--++-++- 2 
Tron filings ........+e00e0+++ 05 
Henrivaux. 
—8——_ 
ANG) G vatseuie este au civee hale 100 Melt, cast, grind to fragments and 
Carbonate of sodium .........- 75 add per 100 parts: 
Lime: .. 3. HEE BPO BKe Cc ae 20 ic G) GeeraanOnne spererenionn 
Equal parts of copper scales and Carbonate of sodium .... 
sulphate of iron heated to red lito eee pene opotrase Oooo noe 
WEA. ciitucs vsleusvecces ae Cast and grind as before, and add 
Stannic acid 35 parts of sand and remelt. 
Bontemps. 
oo 
Sande aayeieioresee .. 25 Melt, stir cast, grind and remelt 
Red lead ....... .. 50 three successive times. At sec- 
Oxide of copper. indee ond color is light yellow, at 
Sharniomatidw.nce seq eres seeeee 3 third the color is an orange 


yellow. 
After third casting mix with 25 parts of erystal glass composed as 
follows: 


Raridle 5 fecsuis%. oem ous aptitichelerarare woos 100 These 25 parts of cullet are melted 
Carbonate of potassium. -- 36 with above. Add 30 to 40 grains 
jBinis Sch abeAmuuecucees Berets) of tartar or tin chips and remelt. 
Red Teadis wie ces we visi ome 3 

Amethyst Glass. 
Flint batch ...... eekt2 Manganese ......-0.sseeeees 8 oz 


Crude antimony 
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TESA as exis silnds <niyt erase Secon 50 PAMBOUICL ele vy rolieleac a suneins 3 
DRO) 5 irsin vil os Maagiis eiawee O87 = 0 ng ahoge 9 Mies Sa nce lal 
ae] 
Hlint batch: 3. s-..clase cae eos 600 PLBUINC rs tus shay Seas eat 
Whnt ecullet 2-055 vise dc ieeses 600 Misganess aie ky 


Flint batch 


Flint batch 
Manganese 


Flint bateh 
Manganese 


Phosphate of calcium........... 9 
Arsenic 


affre 
wid jt 


Brags) flings. <<.2 sahara Sven, tf 


UNDE visit oreaileiortswin stints aster 20 
DBTELO. Satascracoleiers cueciertuld dae t's 4 
Maru A TIORG, [eeigrcta ster tiateeten Cie het iy, 
349.5 
Wat) PACH us ornate oss oka 120 Nitre 
rie ote aye «ts ae ea ae otiacas tes 220 Zaftre 
Manganese: 6.5 8sh0s000 20508 af 
sat 
META Te SUeREG ND eae atorate/e ts Seen 200 NGG OS siege veces pe Siora bce. d ese 6 
Minit wallet eee eaten aie DU ae ates Ga cite, eA BA 
SS 
lari h, babel .seisarseute-ys astra 250 Oxide! of nickels: seit. seco oi ae 2 
aoe) 
BLinbe DAU. aan ete tae e 112 Ble Tue by ai.) atgu ves seks 112 


ZRUTE i ccewiedeessijaes see ee alt 
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Soft. 
= 
Nitre 
Zaffre ... 

Manganese .....-----+++ee0% 
Opaque Sky Blue 

4 

Phosphate of caleium.........-- 1 


Opal bateh 
Arsenic 


15—— 
MEDS as iow re ois1e 
Arseni¢ 


Waterloo Blue. 


=i 5 
lint) Patek sects n-ne secewewrsient 40 (orl IC iteponipiae peor merase ays 40 
Zaftre .4 02 
SS 
Sands toe cicraie nevis . 1000 Manganese 
Soda .. 360 Arsenic hee 
Tame: kee e Coaiesie = dae einen 125 Cohalie... srenes cane voces 
Cheap Blue 
a Sng = 
Nitre ...... 
Manganese . 
ATEENIG: oc se vce sie nyse oes coe a 
19-——— 
Window glass ......----.+++ 100 VAS ioe eraOee Renn. 1 
Sulphate of sodium..........- 6 Manganese 
Blue-Green 
20—— 
Flint batch ........-.+-++0-0 112 Black oxide of copper......-- 3 02 
Oxide of iron.........-5+++05 3 02 
21. 
atid, wiciessscsiscen oleae eee aa Oxide of cobalt .......-...+-+- yy 
Potasht csc. vianeuie on WBE -c)os ela sie 3% : 
BOA hearers tue cess eo Arsenic 
Slacked lime 5.2.2.4 ss.000820% 12 Blue cullet 


TiaMhVG! sis ays es ao ce magetecnee =e 1% 02% 
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Blue Sheet 
a pees 
Sand Wate), staccacige ss sesssistenem tet Ve 
Soda PAT SOIC: Mverciciee is awison inl seni es at 
Lime Oxide (Of, ZING). o1.t oe ncrnapeemoes at 
Bone: dust .......- gotipae sei 
For Casing 
2S 
amd ected. shes oGaasenisiemsa alee Bi-carbonate of sodium....... 50 
IEG bane Aces a Gopal is cei sacle eere 
Nitrate of sodium : Manganese 
ON resGTNG) Barcodes elapse a8 8,0) fy Cullet senna ave sete abe 
For Casing. 
24 
Flint batch to be cased....-... 100 Best COW BLES alae aro ap are Ruransseas 1 
Henrivaux. 
ay = 
Sand Oxide of cobalt.... .. 0.400 


Soda Oxide of copper . 4 
Carbonate of calcium 23 25 Saltpetre ..... ae 6 
Lead 10 Whing, Cnllet) ssa os ecole 200 
Belgian: Light. 
6 
AM eerie seis ta ove dia S are wleralenece 5 100 Black oxide of copper........ 0.01 
BODE) Peistiicssleks cere cadeierewisinsaeiele 32 Black oxide of cobalt.. 0.04 
Carbonate of caleium.......... 24 BOREAS as aarstgiin Haintialeibeeutes 1 
CHATGOAL! © oie 4.0: sjeie v0aGceMi9ie:e%e 010% 2.5 
Belgian: Dark. 
eae | 
ADA ceo wictae aclens sia sopesie cans 100 Black oxide of copper 
Soda Copper sulphate ..... 
Carbonate of caleium.........- 24 Black oxide of ecobalt.. : 
GHaACORL. Sa ciaiv wis wares tei 9 l= 2.5 BOPAR sp: spa esate vaneeseier ss 
Belgian for Flashing. 
=o 
PUREE B Minty e Ree RTA alnasrer ga: 100 Oxide -0f “copper ...5.....260.4 4 
Soda <2... ifsc Seca . 32 Oxide of cobalt ...........20-5 0.3 
Carbonate of calcium... . 24 Borax eis craigs alate sys oa ceseietses ets 5 
Gharcoall> .. 2.22! o:- degree asin se 2.5 
Green Glass Recipes. 
eins 
Piint, batch <2... 02-5005 32 s0% 500 Copper seales ...---+++e..+: 221, 
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aes 
Plinth PAGGH Sn scree oo semats © 1000 Copper scales ................. 15 
Red: OCH a) fare ieielatn ev oreis cteleseors 1 
Blue-Green. 
3— 
Blint: patoh. ..\sj00 56 <eee oe 500 Ibs Caleined copper...........-. 7 \bs 
Iron seales powdered, washed and 
Ghats U SaAAA Ce mae e OUST 8 oz 
Light Blue-Green. 
san os fats 
SELIM GREG Ue-acs atarnie Here's. store 108 Ibs Peroxide of iron............ 2. Oz 
Carbonate of copper....2 Ibs 4 oz 
Dark Green. 
eRe s 4 
Whnt bateh 20. cswcces vies 100 Ibs Black oxide of copper........ 1 |b 
Grocus: martis: 1.2 ein as 12 az 
Light Yellow-Green. 
eee 
WYinih, Patel ck ia35 viue Pye ial aatsvee ose 28 Bi-chromate of potassium....... 2 
Blue-Green. 
MltutcbatGh’ savagunessm sacs © 224 Brags flnes S25 cick senses eure 8 
Light Emerald-Green. 
a a 
IDO REL “BSL crstayetsiacel yey aterate) eietereiar 40 
Nitre 


Green for Muffs. 


a 
BUN baveh: sia eavereecss «se -ciseis 380 Flint cullet 
Nitre peal) Brass filings .. 
Mangariede sisi eso e)sor tejais 2 , 
Emera'd Green. 
ea es 
Flint batch Tron filings: ¥s ac ceric 2 lbs 8 oz 
Flint cullet Borax 2 
PATELGTEY? el ciuccuratelscslsroyeise tetera 8 oz ' : 
Light Green for Muffs. - 
pe pee 
_ Flint batch .............. 100 Ibs Ponti Links con Oeetsicu une eta 4 oz 


MOLAR ee nisee yercn ese oe sirens 6 oz 
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Emerald Green. 


sh 
ANG tise c cee cae nets eieiciee 100 lbs INGGra" s Scalise or ois giesierert vis ee 
Soda Manganese é 
Lime AYRENIC! 505,20 sjoceie va bo sles 


Yellow-Green. 


aes 
Whinty Datel) <i: se sierers ols seve 50 lbs Yellow arsenic .... .3 Ibs 2 oz 
Crocus martis ........-- 3 lbs 2 oz Brass filings ........... 9 oz 
Green-Yellow. 
a 
Whint batehy seo. wc cnc «oes 260 Green yellow cullet.........-. 550 
Flint cullet .......secese seve 100 PBT ASH | wolsece acs s-slb0ie) vsjeione winiereiere 34 
G0) st, Bele Rot yr Sao OA 16 
Saxon Green. 
= 
. 135 INTENO! Wie casa aton antes +s Mari 
ei dtotelereisisinierapeianesteieny eae ere 100 Oxide of copper 
Opaque Green. 
es (ee 
Sand PAT HEDIG) 2 avesetofeisleiei4 hers /sietei= roe siahs 3 
Nitre Brass filings ....005e00+ses0% 3 02 


Emerald-Green. 


cee |) es 
Mant Aten. a. a0 oc ss «a 126 lbs Tron filings «<0... s.s0eh os 11 oz 
Oxide of copper.......+.++++ 5 02 
Bohemian Aqua-Marine. 
Soe Ge 
Gand mers eciacsslstroceie Tories sare es 100 Oxide of copper........-..e+++> 
Soda S Oxide of iron... 
Lime SLE cctaissala a lorwee) ve guste ora cetntere ss 
Arsenic 
Yellowish-Green Sheet Glass. 
pees) ae 
Gand) csc saviors centnes «ie ss) 100 Bone Ssh. ox se eceayien ote oasis le 10 
SOday Asncetese decors oyele isin 228 38 Yellow or red chromate of | 
Carbonate of calcium.......-- 25 potassium ......-.+.ee+e eas 3 
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Mplaai Culleb yiclete sec edi -lere were 100 
Chromate dissolved and poured over the sand. 


Pomona. 
99 
Sulphate of copper............ 2-3 
Arsenic 
Uranium 
Green for Casting. 
——21. 
MSANGS ini aieteie siolednre elas tieSermats 100 Nitrate of sodium..¢:... 00.23... 3) 


Potash soe 38 Oxide of copper... 


HOBO: is shesiniece 9 0m Jot OB Oxide of iron... Be) 
Bi-carbonate of potassium..... a 
Bontemps Yellow Tinted. 
22 
ELT Cle casi ce ial s sto dBisirelers, dshetg "athe Nitrate of potassium............ uf 
Carbonate of sodium. . Oxide of iron..... 
(OL a ainaearonoencuss Oxide of copper 


Bji-chromate of potassium..... 
Belgian Green: Yellowish. 
58/9 
ChaxGoal: i) veteran ea Sony 


Black oxide of copper... 
Bi-chromate of potassium 


Carbonate of calcium. 


TES OMe say Vera suenyn’ ees sso 10.816) 4 7a sep an 
Belgian Biuish Green. 
a se |, 
BS ear ehditer turn chars onei shal hat etaiaccts iafstalers 100 Black oxide of copper......... 1 
MO GAP Ere. e esis sieteran sints rae Bi-chromate of potassium. -0.5 
‘arbonate of calcium. wae 24 BORA vetaiaca Scaicaraieleesieenes Senwek 
GharGoalls Aiaimeteeraushe casei coda 2.5 Bmal@s ws ceccagcroses acc meiee hen & a 
Belgian Dark Green. 
Black oxide of Chay) 0 Saingeocrae 1.5 
Bi-chromate of potassium ie lt 
Carbonate of calcium Be BOLAK doi sic ecting eins saeeeS Sed 1 
HARC OB issu, ts cts ponctaleloonen ED ie je Sal bates a sr os keener Pa roy Dee 0.1 
Red oxide of iron (crocus 
MNAULED)? Mayes aws sre sioecleles aoa 1 
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Oriental Green. 
26 
peta Baa Satie BRS Sh ee, 36 lbs Nilee caine oe sem dezoniena 


DsGBO! Wcceas pease +. -29 bs Oxide of uranium 
Carbonate of copper....... 21% 02 
Olive Green. 
pee ee 
LIE IP SUCLY cleiors cicietsans teat 112 REGPOGHYS) saa sr isis nem ce Ati 4 


PSTSMS. seiciersis.6 5 eisp\aieis 01s, oh8tp eras 


Flint batch .. 
Manganese 


1 lb 8 oz 


Note——Uranium imparts a greenish fluorescence to glass. Copper- 
green should always be melted in covered pots. The use of chromium 
oxides has been abandoned, and red and yellow chromates of potassium 
have been substituted, and should be used in a finely pulverized condition. 


Turquois Glass Recipes. 


aa Ss 
RSBT Oe pera cie vera tveps lois shingcs cin eeranete 500 IN AGO berate apecete alate oketetn eee ster as\che 
Vead 2s... . 400 Phosphate of calcium ‘ 
Mpa erate ore rece son al s/olesiyeeetante 160 SAUPROTIGN ox, siete a sistas sealer are 
Caleined brass ......0..2 e506 15 
5) 
RATA agate via x ns asi oes ap ato 24 Ibs Phosphate of calcium. .3 lbs 12 oz 
Lead ~ +419) Ibs UATSETIG. ohare y4 silanes ares lib 4 oz 
IREArISOR prowess) serrae tee: 6 lbs CNET Ore nc aoton Ene 3 Ibs 4 oz 
a 
ASAT ysl aimee siateasl footers 50 Ibs INGUTD es crepeissmierie here teetars 
Lead ..-50 lbs Phosphate of calcium 
Pearl ash. ovis ee cee os once 16 Ibs PAT SONIC Ls aj-tscioie/sietsylain seek 
Brass filings............. 1 lb 8 wz 
= 
Win babele h.ss.a1cres acre ieee 5 lbs Greén -cnllet) .2's.)ji/<0 sims oie 3 Ibs 
Blue enllet 2 fcc ne 5 lbs Enamel white ............... 1 oz 
as a 
Pearlashy <..0a. sans 
Phosphate of calcium. ed 
PPSONIC! 3 fers Cas viens eeuier isis 
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Very Good. 

ees 
RAIL mechasstesyeredsiotsroas gametes aes 100 Ibs (Pesrlvanty 1. 01 fais rtere ote 40 lbs 
Meads sensed seta mnsses 80 lbs Phosphate of caleium....... 18 Ibs 
NUG COs ge teeesscnin te Mier re sks} logeers 20 Ibs WATROTNG) i rclscterc oe ene aes 3 lbs* 
Brass filings 2.0. 3% <.'s06 1 Ib 8 oz 


Note——Turquois batches must be thoroughly mixed. Add sulphate of 
copper to batch to raise color; phosphate of calcium to lower color. 


Black Glass Recipes. 


Common. 
=f 
Green, ioullet ciaere: craves neon 100 IMampRneses 21 256 sic: .tiniaccrnsieins 8 - 
Soda Rial) Oxide of iron . 226 
Lime 18 Pulverized Coke ....2 00.0043. 4 
Aresni¢ 2 
Fine. 
—2 
Band! q.jcissee ces becoesm canine 100 Oxide of copper .... 
Oxide of iron... 5 
Manganese .....ssecssessecees 
—— 
Oxide of copper. ......... 002005 4 
Oxide of iron... 4 
Manganese 5 
A int) SN Sete BBB MO SOE ICO 2 
t Belgian. 
pee ares 
arid ecules wale cuisisierse baie 100 Black oxide of copper 
Sei Gurme Gaebor mad wey MBE Manganese 
Carbonate of calcium. . 24 Smalt - 
Charcoal 
OPA) aja ste sats a acetals oleceein eink bere 
Yellow-Black. 
== pa 
Sand .100 Chareoal 
Soda 732 Manganese 
Carbonate of calcium......-..- 25 
ee 
Flint batch .....-.eeesee eee 560 Manganese ........--.+++eeee 20 
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— 
Flint batch ... ...100 Diast ire, 55 ecclalatiseinvariaioseg etl fseese < 
Manganese ............+-+0:: Te Caleined iron 
ee See 
aL bal gra) EY: CW perenrrar See asO Oat 200 Black cullet’ or. ciejcacieye steioiciets, + 100 
Flint chest cullet............. 100 Manganese) 5.0.05 Sees coe is 50 
—— os 
Flint batch . 600 MAND RNEBB! Tass signee esclnealec 
Black cullet 700 Oxide of iron 
—10—_ 

WG bate siimte nts seecteine 112 ORUPGTOL ATO, Solera, sei tierensege fe 
Manganese te. 5. ci-\er- aide sow orate 12 AUTO. sired, oa Hele ois ois a alee se 4 on 
—11—_ 

Wandow ‘glass, 25.22.00 sine). ve 1500 MANE RHENG goar cap on cues ieee 64 
Nitrate of sodium............ 75 DiGHEDE DS capavey «nies nieteieteosks, Sekteie Cede late 1 


A grey glass is obtained by neutralizing the violet color im- 
parted by manganese with the oxides of iron and copper. The same ef- 
feet may be obtained by the use of oxide of nickel. 


Brown Glass Recipes. 


Sy 
lint Patol: rss sresatosve neato 30 Red) leads went caves ie vans 42 
Manganese : 
ling Matel es. ajes ols seciere selene 53 Manganese 
AL SOULE See csustets «tounuia at csepeecs 50 Zaffre 
a Amber Glass Recipes. 

as 
MENG Culebi 2s sia a ee-eneies 12 lbs SNTUP OE sw stctole tya ais ecsiere open 8 oz 
Lead .. AUTH HES odes ts eer Ae steele 20% 
Sand Oxide Gfr pilversconis. tf. 3 dr 
Oxide of copper : ! 

a 
Flint batch Nitre 
Lead Amber 

ae eee 
Flint batch . Manganese |e .c cece oe oxo 4 
Red ochre AMSONIOle | Fi)ac.. 55h eee cere are « af 
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poe be 
Blint: batch ..6...5..2-205 0+ 30 Ibs Red oxide of iron..........-- 5 oz 
Flint cullet .. u Manganese ........--+-+-+-- 8 02 
AntiMONY 2.0... 6eeee ee ees 
ps See 
Flint batch Crocns -martis: .. 60.520 Seecieee 6 
Manganese 
Rich Color. 
—— 
Flint batch Peroxide: of irons’... ...%.5- 0) 40 5 
Manganese 
Good. 
ey ee 
Amber cullet .......++-+-+++ 448 Red oxide of iron.............- 63 
Flint cullet Manganese 2 
Flint bateh WATS ONIO: este cisyerig vn eeeiisie 
Rich Dark. 
— 
SiG Usp ae derobo ee bor cee aeCne 12 lbs NEitrGe ase tales tam torre 2 lbs 
Lead eee ioe eae eee 10 Ibs Oxide of iron.) 5. outer es > 2 lbs 
Pearl ash os .ee eee cece comine 4 lbs MANGANESE: co 6. cae ovinretes vivre 402 
a 
Flint batch ......--++--e5- 20 Ibs Yellow aresnic ...........-. 10 oz 
Croeus martis ......-++eeees 10 oz Coa dust ccs cc wattectete «4 7 oz 
Western Practice. 
| 
Gand) cc usm seme manermor ome Lime 
Soda ......: Cannel coal 
Sulphur 
Flint batch .......- . 100 Ibs ComLidushecs. cise ae 1 Ib 1 oz 
Crocus martis .........3 Ibs 2 02 Yellow aresnie 
12 
San WING) er sieeiss Slayer n-ne 28 lbs 
Soda .. 40 lbs DTG URAL Urs ire sete taers ore 10 Ibs 15 oz 
Pulverized charcoal....3 Ibs 15 oz 
Purple Glass Recipes. 
= 
Flint batch ...--.--- (2-7 A00tibs: Manganese. vn. -5.0452025..<- 10 oz 


Zattre 
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= 
but batch 2.2. s<'<e +e 100 lbs Manganese 0.005 ery 2 cc eee: 16 oz 
JEON i de ee A CT 1% oz 
es oes 
Mint hateh “ss secs see eee 560 Ibs Manganese! of cicsie sere gitien 12 lbs 
UO Gears haces plone Mies 50 lps Ant IMOnY, sekiks fare oe ne 3 1 oz 
———4a 
Flint batch ... Fagia/oes eee 220 SROVRION, code cess css orate peeteteg ie SurNs 6 


Manganese 


Flint batch 


ARRENIG. os Oise are ov vss grit 
Broken window glass Manganese .......-:+eee seers 32 
Nitrate of sodium.... Zaher ag a we vesioe aeius.was 15a) 4 0% 


Note.—The commonest kind of material will do for purple glass; 
even black, or window glass, fluxed with nitrate of sodium. 


aaa Violet Glass Recipes. 


a eae 
Wit aPAtGh) oe sys weiss es 84 lbs Caleined copper ......- 5 lbs 8 oz 
Strong smalt 4 Ibs 6 oz ATUATIOR Ys siayats sla njaa sselysiernin st 6 oz 
eo oworet 
Flint batch ........ - 100 Galeined brass <2. sie. sssees on 1 
RAPES NENG, tpulesicain tures he See 1% 

ae es 

WANG Gos. aa eM yes ae oa wre slnaimerals INGGrG) cscs ca wiclcimiartrelt petan essen ie 
2 Ney gree orgs A Caleined copper 
Pearl ash Strong smalt .......-.08seseees 
Antimony 


Opaque Violet. 
—— 


Nitre 
Arsenic 

Henrivaux. 
Carbonate of calcium........-. 90 
Nitrate of potassium........... 90 
Manganese .......--+seeeeeeee 22 
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Wea) Woiacg vice views syieyo sees tle = 90 Nitrate of sodium.............. 12 
Cullletyh sucht teeter ester nce 90 
Violet Sheet. 
—6 
Bad: Meociem slovitecrnspiesie ve tere 100 Blacked, lime, 1,022 <s sees suk 15 
odai ts tks tone sete oie 35 Manganese 
Teed co.cc neh os aiamecian arayt salar 2 Saltpetre 
Gropnd glass 2.65... 24-0 sentee 100 
Belgian. 
eee EE 
Sand Chareoal 
Soda : Manganese z 
Limestone a Smale. u/csis asin Hesomioen sraeate : 
Borax 
For Flashing. 
jae 
Sand Charcoal 
Soda...... Ps Manganese KG 
Limestone . 25 Oxide of wobaltc.cwnssaacs ss ee 
Borax Asan ae we 
White Glass Recipes. 
White Enamel. 
a = S 
FSBMGE sevecan avy ecoiea ioe states "s+ 100 Ibs OAL) atl seit ah Nar ae ae 70 lbs 
Beads wise enc scetsertecsalee 100 Ibs PATON ICY oiclt 555 feces t Ferra oe ae 16 Ibs 
AMELMMOT YA ieansts, ahs sisib diac wietes 8 oz 
White Enamel. 
ae 
Sand . . .300 Ibs PAPSSTILGW Mavele-rinseleyereforseateret sie ors 4 
THOR: “5oe5i0 braised . 300 lbs Alabaster or chalk : 
Nitrate of sodium . 25 lbs Manganese ................ 
‘Amitimony. 25. sass as Heasielsls 2 oz 
White Enamel. 
: —3 
DONG: “a Nwomriscia le Aneel er 120 Ihs Nitrate of sodium.......... 40 Ibs 
Lead 130 Lhs BATSONIG: ales): cee eyates oneaa a8 15 lbs 
AMEIMONS ass en aj wis oe sla ais ake 6 oz 
White Enamel. 
es 
SANG (rani es cmencee wale 15 Ibs APACHE, x was wa ee eb cuasbes: 5 1144 Ibs 
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Woeatl este. ne sleiejsiaiel ole este oor 16 lbs Manganese .. 
Nitrate of sodium........... 4 lbs Antimony 
White Enamel. 
ae. 
SISA Sho GiipodooamouAnedses 100 lbs TOide ciwaeste aioe tai 
Nitrate of sodium.......... 24 Ibs Arsenic ‘ 
PATUBINOTIN. ae)exceier nso n/etaete ce 6 oz 
White Enamel. 
eS 
Sand Poariash tycascn emscece Anse onelcs be 
Lead PATSOUIC sie'sicsl ens wd 
Nitre Sulphate of caleium............- ay 
Antimony 
White Enamel. 
fay fe oat 
lari iessy-ctar viel ico e pie etere Sey ciate PG srl ASS Ne sien: ious tiem verres 9 10 Ibs 
set rears a os Arsenic 5 
Nitre Phosphate of 
Antimony 
White Enamel. 
56 
Shut l Beano Goocec tonote 336 lbs ‘Arsenic 
Lead .336 lbs Chalk 
EN Ui eueclevctal ees atewereiaioracetecty.e¥ 20 lbs Antimony 
Manganese ......---++++2+++ 3 oz 
White Enamel. 
ae 
Sandiees eecai yoo ae tee ees UG CUS Py pone cHor sa coecaeo 12 
MGGRG, Sota hese eieis 9:2 eetalece ADiMORY oA dines Rileh ota tthccasaiec ti a 4 
INGEPE) oe ica Seis od see elo eninns 
White Enamel. 
ij 
BATIRENICS Miaeiere cet eis ceeisiia avatars 
Antimony- .. 
Manganese 


Note—To every pound common flint bateb in Nos. 6, 7, 8, 9 and 1% 
add: Arsenic 1 oz., chalk 14 Ib., Jead 1 02. 
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Alabaster. 
ase 
BANG) Go tects ersep ns Neel eee 20 Ibs 
POUHSY facia cacG-aps dteavrageaciecuts 10 Ibs 
Quicklime) —.s70...0. 4 Ibs 2% oz DNIDEGR pees yeiers cate ages ated 6 lbs 
Phosphate of caleium.........4 oz 
Alabaster. 
12—— 
[oT Ea eer Re: enn 20 Ibs Quicklime 3 Ibs 9 oz 
BOtash) in cs ccleerectslnesielsion + 6 lbs Arsenic 
Phosphate of calcium.1% to 3 lbs 
Alabaster. 
= 
PATS OTG I 0 aie 5:01 ondaby ssogsaNeols errs 
Manganese 
INTURE™ co) foi oie siervicsecoaraceis > acarsters 2 oz 
ee, 

Wink ebAteh- s/cerhcecoten eens o 500 GATHOMIC. hy iss: ele alaiesconerem a SGA 4 
BONE TASH soy ec. se phacisria ciseae sen 60 oleic 6 Re ee See Pape as 15 
tae feng 
Bling patel icpscens vem es 112 lbs SOdis Giectete oe cise are tetas, OO LIDA' 
TGAG: syste pcistsaisiache aoties Oe 84 lbs Nitre 32 Ibs 
Boner le hiter. tonite nite tect our 23 Ibs Arsenie .. .. 2 Ibs 
MN GMONY Liars whe satnnn’s seers 2 oz Manganese: «0.0162: .ee0s 0% 2 oz 
—ige 

SSRN Ui Miesnt soya arcectectaas Maes Shrsyaatts 40 Nitre 


QAO tevctate pcaesrenanverccett Saramreer 45 Arsenic 
—IT-. 
SAIC verso tree erste arteatscte 114 lbs Nitrate of sodium... 
Lead 75 lbs Sulphate of calcium. < 
Soda . . 30 Ibs PRONG: Sse) fe Rinon ees eye 6 Ibs 
AMENMON YS wos sry segeldicno% + leks 3. 02 
—18 
Sand vac Wavo wxmsiatsnmctsmislenee 204 Nitrate of sodium ie 
INGEGU bone Ten aterehain CC Boen 172 PATBOTH CHT. «5 slate ucts Pee 
AM EMORY Gavel linlek ashes cas YY, 
pe, | 
RINE G dtcecennie Seninube patio 5 6 20 Nitrate of sodium.............. 8 


TS@AA? ate wescagsy bee a2ave acs arse reg abeoerec 25 INSREMIC. - yenelorclsl eves Se aeee Sed 1%4 
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—— oj 
PANE oN ik tore epee 1800 THAD: Sis aown ptiee eos sastote Ge 160 
Nitrate of sodium............ 10 SAURONIC. [irs caecsie aes. aaresiasts sia sve 12 
21. 
WLinG WWRtele ae o.cste esis cee 400 BULUE OMOS\ <5 corde ecteile mele 25 
PATBBTING! srcieorelscaisseiveler ecu ec ff DRUGS? cei kasias Saciaress Solas eee 1 oz 


Note—To every pound flint batch Nos. 21 and 22 add: Arsenic % oz. 
and nitre 14 oz. 


= 
Batt | crstegccers saat se ase 100 Phosphate of caleium........... 20 
TG aie assce i wiiete sini crt eter ees 80 Arsene) sccisieis saree conenciestas 3 


SAINT.” 3 's,<i0:bi<leie nis sleisleveiss 4 oz 


Bander sieans pean eras 90 SPT BOTAG: se sks steno dd siesd nietsi eleven stars 
Antimony : 
% OURBIY -<7aj0)e aoteoiniors, ony Geis sleloine sie 
Will Turn in Working. 
= 5 
PST IE seatedorevaiac ove ate of ausrora iol sialat <r 56 Arsenie 
[head ueNrer, cucatatie setieto teres aes 9 ee 44 Antimony . i 
Phosphate of calecium.......... 10 IPGLARH! ai .0;doteyaiatbineaorcalooore teeta 1ees 
Will Turn Without Cooling. 
25— 
WilinG (Dated ecco kiakteie ea ersicls 5 112 Phosphate of calcium.......... 10 
MGGOO tas tof aie sa doperee ti maphins rove 4 IATEOWIC “cross: 08) sisi eforscte setae) siete esi 1 
AMTETMON Gav's slate sinad sev gel net 1-32 
. ——s 
SENG LE igre, fan OSU OR NEDO 49 ONE ES Sea sresisian a serine hy reenter 11 
|b ate LR ary Cp EBON SE CaN SS RC 39 Phosphate of calecium.......... 9 
Arsenic 1 Ib 8 oz 
Note—For turquois add 10 ounces calcined brass. 
Bright Opal. 
—27— 
Fluor-spar 
Potash 
Borax . ssn 
Manganese 
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Bright Opal. 
=o 

Flour-spar 
Feldspar 

Nitre: 220. .% 
Manganese 
German Lead Opal. 

——29— 

Cryolite 
Lead ..... 
Saltpetre 


German Without Lead, 
St 
Band ciascryneisleroutes Fes sre eane 100 PRONG GAS ole ts wefan ierins aieietetawts 18 


Slacked lime ellis BOGE irecsiptaieis on cisjsewioio orem tre elas 45 
Arsenic ..... prefeectente aie thee ae) 


—— 
Sand Bone ash 
Lead .... Borax 
Potash Oxide of zine 
Arsenic 
Lime Opal. 
——o——— 
Hand sossnuanetseasere sipeas 100 NibtGe nn locagteeaie a arite tnt UES 
Soda Feldspar 
TAME, Tisjsiecstss Ose seers o'srs ahs sie lsialp 8 Arseni¢ 
BOWE. Aivcatdaluteven Pioyareseticiagaie wapaiece 5 


Note—Oxide of tin is seldom used. Lead increases smoothness and 
luster. Bone ash glass on account of brittleness and“ hardness endures a 
high temperature without losing shape; hence is suitable for decorating in 
the muffle. Opalescence is imparted to glass by the use of less phosphate 
of calcium than is necessary to render it opaque when first taken from the 
pot; and as opal glass is easily colored with the various metallic oxides, 
opalescence may be imparted by reheating the glass. A glass, colored or 
erystal, may be made opalescent, semi-opaque or opaque in proportion 

. to amount of phosphate of calcium used and amount of heat to which 
the glass is exposed while being manipulated. The coloring power of 
the oxides is modified by opalescence, and the tints may be made to vary 
in intensity according to the amount of heat to which they are exposed. 
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Yellow Glass Recipes. 
Yellow Sheet. 
—_—]—_ 


SEE Eis ons, Sues aot Charcoal, < ssi iss sacts neues = 4 
Oda: 1. cance eis ins sf PATBONIG Ris saie cto es seusielatss en 9 1 


a 
OOTY cea. io's aw'ele sists noite sis olaieis 4 100 Lime 
POtARH) osteo e Peasant ee a 40 Sulphur 
ATSEMIOH dl opats Hale se oake welts Wy 
eee ge 
(Mint (Date? a.ces% jeneoe sts 150 Ibs Crocus martis....... 2 Ibs 51% oz 
ah 
Hilary “babel vee nssye «ote, 9 100 lbs Crociis martis........05++++s 614, oz 
Soft Yellow. 
at 
PG ADBUGh diswle ea \es versie 3 Ibs Naples yellow ...........++++ 1 lb 
Redlend Scaware rere ssm es 6 oz 
Green Yellow. 
——=6-— 
Aline DALGHE = .ao ey-forscaeia,s,ctetrs 16 lbs Crocus martis .......... 48 grains 
{TG LO pir scree aero e eae! 16 Ibs If too green increase the quantity 
Oxide of ‘coppers. .ec a. ero 6 oz of crocus martis. 
Gold Yellow. 
as 
Flint bateh .. A!) Purined, GANVAT cc vieta sce simretayancress al 
Feri GLb arsferaye arse, eeao we cial 50 Manganese: ..0.c.scie seve tee ons £ 
Victoria Yellow. 
oe 
ing Datel wicca ewan seer 350 Oxide of uranium......- oe 21% 
Claret Yellow. 
—9 
MBIA | DStCH yee costes ot varie niae 100 Red oxide of irons: 0052 7 02 
Yellow for Lamps. 
== j= 
WMLntybatGhy te ssc saes stars 112 Manganese is sa cacti a cous 214 
SANIENE cA tavcs Rie od Seasals nutes 234 Oxsd6) (OL Sons ey. les.9 sear tel 15 
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Victoria Yellow or Topaz. 
‘11. 
PUM gape aap aes s Sia s Sie ie Mee ame 125 Potash 
Lead . 52 Nitre 7 
Uranium ... ee 


Note—To impart to any of the above yellows a green tinge, shading 
green one way and yellow the other way, add carbonate of copper 1 to 
5 ounces, Al 
Gold and Silver Yellow—Fachblatt. 


—12——_ , 
Bure cquarte Rand ow, s-teauectreg sem ecsite sii Hea meses 74 kilogrammes 
Potash made up with molasses........... 00.05 sesees-- 634 kilogrammes 
MARCI OHO Me crests cr cvesccpctsal vise eee a emanate Saver aMin ty Sees Sor geleeoieiele 15 kilogrammes 
Red? TOR scrsiere sgtisia ee one 3 -19 kilogrammes 
Crystallized (humid) borax............0.00.  seeee . 30 kilogrammes 


Silver dissolved in nitric acid 27 and 45 grammes. 
Gold dissolved in aqua regia 5 frane piece. 
Belgian Yellow for Flashing. 
13—— 
ROTAX Ver aaacenfetenies Suh een 


Saltpetre 
Carbonate of ealcium.......... 12 


’ Artificial Gems. 

The ancients secretly prosecuted the manufacture of artificial gems, 
but in the decline of the art of glass the secrets were lost. Joseph Strasser, 
a Viennese jeweler, rediscovered the ancient method of imitating precious 
stones; hence the glass which forms the base of all imitations is called 
“Strass.’’ This is a glass very rich in lead, to which the coloring materials 
are added. Lead ranks first in importance by imparting the great specific 
gravity and refractive power essential in imitating the products of nature. 
In making this glass the greatest care is necessary; all ingredients must be 
chemically pure to obtain good results, and be carefully pulverized and 
thoroughly mixed. Specially manufactured pots are used, and in Austria 
and France, where a specialty of this glass is made, the pots are about one- 
quarter of an inch thick, and hold about six gallons, and are highly burned 
and glazed with loam, which makes the clay hard and dense. The melting 
temperature varies between 1,000° and 1,500° centigrade. Great care is 
necessary during the melt. After the glass has been carefully melted it is 
allowed to cool very slowly and annealed in the pots. Profitable results 
in working up the glass are only obtained by careful cooling, which insures 
homogeneity and avoids disintegrating by cracks, splintering, ete. When 
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cool the glass and pots are separated with hammer and chisel, and the glass 
reworked into gems. 


Recipes for Aritificial Gems. 
Venetian Adventurin—Fremy-Clemandot. 


ee ees 
Pulverized lead flint..... 300 parts Avon: Scales. <4iswie +¢ +9019 80 parts 
Copper scales ........... 40 parts . 
Spangled Glass—American Practice. 
Seahgee = 


Flint batch (rich) melted until plain. Add copper filings; stir thor- 
oughly; reheat until the glass has settled and all air expelled. The reheat- 
ing requires both tact and care to be successful. 

Yellow Adventurin. 
eS 


DRG WRGAIGE) silanes cece aye loys! saci 125 


Plate glass 
Nitrate of potash........... P é 
When fused add 38 grains of iron filings, stir, and cool very slowly. 


Yellow Adventurin. 


—4— : 
SWE @ ARSE a rane cisuste ty opniage notte 250 ° Calcined iron scales........... 112 
Carbonate of sodium..... Copper scales ......+:.2seeeee 23 
Carbonate of calcium......... 50 , 

Green Adventurin. 

ey a 
IWiNiberaane sac 20 <.cine srs bariere sc 250 Carbonate of calcium........... 
Carbonate of sodium.......... 100 Bi-chromate of potassium... 

Strass’—Donald-Wieland. 

pny eee 
Roek erystal ..........:.-+-:- Arsenious acid Bee Z 
Slacked lime .. adiviead acne aeeseces rte 470 


Caleined borax . 


Wihitevsand: siersa efasck. salrie 300 PATSOMOUA ACLO, 5 c/o ctsjesiasis sos 1 
Slacked lime .. Solis Wihitetlead. - cciciscs cenishis gts 514 
Caleineds borax: 2 ..c2..-57 22-5 27 t 
Strass’ Bastenaire. 
ey ae 
Sand Boras se sios ss 6 ta aieens om sissieunie 20 
Lead BSalipenee eoeciscis< warts Oeceye sens 12 
Potash Manganese) eras ccisa es aa mise so 04 
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j Opal—Bastenaire. 


—9 
(SeiGh Gerec ct eperneend or oben: 25 Saltpetre 2 
ORO casey atatephseke sao nny Sette Sepaaa tee 25 Oxide of tin 
POTASH <7. s:2 nolvsszs) opnsurre = Niastumes 10 
Topaz—Donault- Wieland. 
See (eats 
Wilite Strasse: sac series cones 1000 Purple of) eussiaess. 5: Jceec ss ois pik 
Clear yellowish orange red 
glass of antimony......... 40 
Emerald. 
—11 
White colorless strass ....... 1000 Oxide of chromium............ 0.2 
Pure oxide of copper... eee) 
Amethyst. 
ee oe 
Colorless strass .... Oxide of cobalt.. SEA) 
Oxide of manganese Purple of ecassius.............. 0.2 
Garnet. 
—13. 

Colorless strass ............. 1000 Purplesiof Gassiugss.cchn ase vces 4 
Glass of antimony........... 500 Oxide of manganese ............ 4 
Imitation Ruby. 

SS ee 
Stu aman totyasthrr ty rhea 80 parts Oxide of manganese....... 2 parts 
Paste Resembling the Diamond. 

15. 

WihiteJsand(\)..42\2160 900 parts INTERG: Seige aie asthe cistecaacs. ar 300 parts 
Red lead .... . 600 parts Arsenic ... ...50 parts 
Pearl ash 2, ess .....450 parts Manganese .............: Y% part 
Imitation Gold. 

16—- 
PPTs G1 5 css eret clara sth orayses 6 16 parts VALOR ick ee oO SOC eer 1 part 
Gomperaresmict sera seerreet 7 parts 
Put in a erucible with powdered charcoal, or: 
Platinum ....4 02.6 4 oz. Coppers iz tose sce cies 1 oz 
Silver 23°07: 
Enamels. 


Enamels constitute easily-fused glasses, colored by the same metallic 
oxides as the colored glasses. The art of enameling lent a charm to the 
works of past ages, but it has fallen into disuse. 

Lead predominates largely in enamels, which are generally a silicate 
of lead, potash and soda, mixed with tin and antimony salts of the same 
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elements; the silicates are also sometimes mixed with the borates. The 
object of the enamel applied to glass is to convey the idea of a metallic 
lustre, but owing to the low fusing point of glass the ordinary metallic 
lustres applied thereto have lacked stability; the low temperature at which 
they are fired, on account of the fusibility of the glass, is insufficient to 
convert the boracie acid and silica, for instance, into stable compounds of 
a definite resistance. G. Alefeld suggests the conversion of the metallic 
uxides into a durable condition by adding to the lustres before use, sub- 
stances that will transform the oxides into saturated and stable com- 
pounds, as phosphates, titanates, molybdates, tungstates or vanadates, 
which will be applicable to even a very fusible ground. 


Cost of Glass Per Pound. 


When the materials constiuting the different varieties of glass have been 
melted into glass and it is ready to be worked the cost per pound of the 
different varieties does not vary greatly, possibly excepting lead-flint. The 
cost of the melted glass in the pot averages from 10 to 20 per cent of the 
cost of the finished product ready to ship, and it is the labor required to 
put the glass into commercial forms that entails the cost. Even a larg 
portion of the above 10 to 20 per cent involves considerable labor in the 
form of mixer, teazer, furnace builder, potmaker, ete. The following ap- 
proximates estimates of cost per pound were computed in 1892: 


Flint Bottles. Lamp Chimneys. 

isin eea ene hood oben Bs 000503 ari dl pesccscetatayert ie herria epselners 000358 
Soda ‘ach 2.2 2c ose 004510 Soda ash -001009 
IEP ORR enero Oana 000269 Potash 003300 
Glass . 000039 Lime . -000018 
Manganese ‘ . 000069 Lead .. 007407 
Nitrate of soda . . 000896 (CsB i) seb armnn as osaeom ue 003181 
Arsenic ........ . 000088 Other materials ..... Gaetan 000348 
Other materia's....... - 000018 All labor except skilled 
All labor exeept blowing. .. .007998 inde DOWSa le airy. ee noteatenatys 011359 
Officials and clerks......... 002993 Officials and clerks ... . 002816 
Supplies and repair.s. . 001734 Supplies and repairs .. . 002010 
1 ROR ae er Raeanie . 004866 LOSTSN Eeaareenrei eden . 006127 
EPBROR: wwip.ceore ls see ata, stems oe 000334 MRCS. ANS, Wes saee the. oj Shela oe aes 000206 

Rotiali stays one aaiae ee 024317 PObALS isu woe Measiarnencas seesLcn 038139 

Green Giass. 

ANC cae ass shorts eens eine 000721 
Soda ash ... . 003747 
Burnt lime or limestone ... .000196 
Glass . . 00872 
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Other materials ........... 000005 
All labor except blowing 005739 
Officials and clerks ........ 000390 
Supplies and repairs ....... 000537 
Fuel 001033 


- 000027 


Potal Sateen 013267 
Recipes for Silvering Glass. 
Liquid Foil for Silvering. 


Melt, and just before it sets add mereury..................5 10 parts; 
pour into globe and turn rapidly. 


Nitrate.of silvers 3.206 e:ci osc. 1 oz Liquid ammonia............. 1 oz 
Distilled water .........2..0-. 3 02 BRT COHOM Me a csticay setae v dieusielp, 3 3 oz 

Let mixture stand one hour and filter. To each ounce of above solu- 
tion add one-fourth ounce of grape sugar, dissolved in equal quantities of 
water and alcohol. The surface to be silvered is covered with liquid and 
heated to a temperature of 160° F, until the deposit of silver is complete; 
when dry give the surface a covering of mastic varnish. 
ye 

Partly dissolve one ounce of nitrate of silver in one-half pint of dis- 
tilled water; when dissolved and stirred well, pour off about one and one- 
half ounces of solution. Then add liquid ammonia to the larger portion of 
of the solution until it is clear; pour back the portion taken out; this will 
produce a muddy appearance in the solution; filter through cotton. For 
sugar solution take best white sugar or rock candy, one pound; water, one 
gallon; tartarie acid, one scruple; boil the whole 20 minutes. 

= he 

Dissolve one ounce of silver in one quart of water, add one ounce of 
caustic potash, and clear solution with ammonia. For sugar solution take 
sugar, one pound; water, one gallon; boil 20 minutes; add tartaric acid, one 
ounce, and boil again 20 minutes. Use one ounce of silver solution to 15 
to 20 drops of sugar solution. 


To Solder Glass to Metals. 


Make an alloy composed of 95 per cent of tin and 5 per cent of copper; 
melt tin first, and pour in copper while stirring well with a wooden spatula. 
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This should be poured granulated, and remelted. One-half to one per cent 
of lead or zine makes this alloy, as hard, or fusible, as desired. The melt- 
ing point of the above composition is about 600° C. 
Solder for Glass. 
Take 95 parts of tin, 5 parts of zinc; has a beautiful metallic lustre, 
adheres firmly to glass and melts at 200°. 


To Stick Glass Letters to Windows. 
Take one part pure India rubber (not vulcanized), three parts mastic 
and thirty parts chloroform; let it stand two or three days and dissolve; 
then apply rapidly, as it does not take it long to get thick. 


Ink for Writing on Glass. 
Dissolve on water bath, 10 parts bleached shellac and 5 parts Venice 
turpentine in 15 parts oil of turpentine; incorporate in the solution 5 parts 
of lamp black. 


Pencil for Writing on Glass. 

Stearic acid 4 parts, mutton suet 3 parts, wax 2 parts; melt together 
and add 6 parts of red lead and 1 part purified carbonate of potassium, 
previously triturated together. Set aside for an hour and then pour into 
hollow reeds or glass tubes. 


Ink for Writing on Glass. 
Dissolve 300 grains of brown lacquer in 5 ounces of aleohol without 
the aid of heat; then mix drop by drop with a solution of borax 2 ounees, 
in distilled water 8 ounces; color to suit with aniline dyes. 


Acid Proof Cements. 


Quick Setting. 
Bili¢aver OL POvassiiM. \.5.c-cstensis oe cols wae uiedsve pers alot wom aa core 2 parts 
Asbestos 
Sulphate of barium 

Slow Setting. 
Bilicate-ce sodium (50> Baume). 2. \ </s2n) 5 tyaaea sau e «a Seeshen® 2 parts 
Fine sand 
Asbestos 


Water Proof Cement. 
Dissolve 10 parts mastic in 60 parts absolute alcohol, 20 parts isinglass 
in 100 parts water, 10 parts grain brandy. Mix first and second thoroughly, 
and add third. 
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To Drill Glass. 

1. Use a hardened steel drill, driven at a high velocity, moistened with 
camphor and turpentine. 

2. Use a copper drill. 

3. To turn glass in a lathe use a good mill file and camphor and 
turpentine drip. 

4, Dip a steel drill, heated to white heat, into quicksilver, which har- 
dens it; then sharpen it on a whetstone. When drilling moisten drill with 
a saturated solition of camphor and oil of turpentine; keep bore hole also 
moist, and glass can be drilled like wood. . 


To Clean Glassware and Bottles. 


Break a few raw egg-shells in the article to be cleaned, with a little 
cold water (use warm water if the article is greasy); shake well and rinse 
with water, and the glass will shine as nothing else will make it. 


Setting Plaster of Paris. 
Where it is important to have it set quick, mix it with 5 per cent solu- 
tion of sodium chloride, which be made roughly by adding a tablespoon full 
of salt to one pint of water. 


Home-Made Fire Extinguishers. 
Handy about a factory is a simple fire extinguisher. M. Raymond 
gives the following recipe: 


Water ....32 parts by weight 
Borax 40 to 60 parts 
JM Gb a UCI an rine ADR Miele ipa bay Anis No rnoy Ge Sati ge 80 to 120 parts 
Sodium hydrate ....... 150 to 200 parts 


Ammonium carbonate .. 75 to 100 parts 
Ammonium chloride ? 200 to 280 parts 
This liquid thrown on or about a fire is caused to evaporate quickly, 
generating gases free from oxygen, which displace the air and extinguish 
the fire. 
To Mount Photographs on Glass. 

- Clean the glass thoroughly. Pour on gelatine dissolved in boiling 
water, lay the picture on and pour on gelatin again until everything swims; 
neatly remove what is superfluous, avoiding blisters, and allow to dry. 


No. 2. 
Gelatine 16 parts by weight 
Glycerine . 1 part by weight 
VWSEEOI™ wee sien alt . 32 parts by weight 
Methiylie alcohol: 5.21.1. xc tre wine eyelets ama. pinta cere <igtin ies os 12 parts by weight 
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Prepare the mixture by swelling the gelatine in water; dissolve it by 
moderate heat; add the glycerine and stir thoroughly and pour thé whole 
in a thin stream into the alcohol. 


Order of Expansion of Different Substances. 


1—Diamond. 14—Bronze. 
2—Pine. 15—Brass. 
3—Graphite. 16—Silver. 
4—Marble. Lf—Pin: 

5—White glass. 18—Aluminum. 
6—Platinum. 19—Lead. 
7—Untempered steel. 20—Zine. 

8—Cast iron. 21—Sodium chloride. 
9—Sand stone. 22—ITce. 
10—Wrought iron. 23—Sulphur. 
11—Tempered steel. 24—Ebonite. 
12—Gold. 25—Paraffin. 
13—Copper. 26—Gutta-percha; nearly 500 times 


as much as the diamond. 


Temperatures. 


Bright iron becomes yellow... .:.0..c0.cecseeseevee ced 435 degrees 
Bright iron becomes red degrees 
Bright iron becomes indigo degrees 
Bright iron becomes grey. degrees 
Mine melig: Gace esse egrees 
Mereury boils degrees 
Lead melts .. degrees 
Zine melts .. degrees 
Silver melts degrees 
Copper melts 5 nae egrees 
Grote tas Aste ihate coe eee see std degrees 
Tron bar becomes red in dark room... . degrees 
Iron bar becomes red in open air. 5 ....1,450 degrees 
Annealing malleable iron ...............000000- 1,600 to 1,750 degrees 
Annealing GIASSWALE SS oie ais werslesjsre Ge aye sisse <ule ene 800 to 1,000 degrees 


Hee eee ee ee ee eS 


Deg. C. Deg. F. 
Gas from producers...... 720 1,328 
Glass furnace between pots. 1,375 2,507 
Glassianvtho: pots weaning secs. mann ety eens fees 1,310 2,390 


a 
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Glass an the: pots working. ¢ccsoc1. 5 ote solace: cme eters erelo een 1,045 1,913 
Glass melted for casting 2,390 


Method of Conducting Flame Tests. 

As the analytical reactions of most raw materials respond to a ‘‘flame 
test,’’ for convenience we give herewith a synopsis of methods adopted in 
testing by flame. (Simon’s Manual of Chemistry) : 

‘A platinum wire is cleaned by washing in hydrochloric acid and 
water and heating jt in the flame until the latter is no longer colored, when 
it is dipped into the substance to be examined, and again held in the lower 
part of the flame, which then becomes colored. A colorless flame must be 
used, as an alcohol lamp or Bunsen burner, and one end of the platmum 
wire is fused in a short piece of glass tubing, the other end bent into a loop. 

“<There is a second method of showing flame reactions by mixing the 
substance to be examined with aleohol in a small dish; the aleohol upon 
being ignited shows a colored flame, especially in the dark.’’ 

Another test is called the ‘‘borax bead’’ test: ‘‘The compounds of 
some metals when fused with glass impart to it characteristic colors; this 
is demonstrated by the use of borax. Dip the loop of platinum wire in 
powdered borax and heat it in the flame (directly or by means of a blow- 
pipe) until all water has been expelled and a colorless transparent bead 
has been formed. To this colorless bead a little of the finely powdered sub- 
stance is added and the bead is strongly heated. The metallic compound is 
chemically acted upon by the boric acid, a borate being formed which 
colors the bead more or less intensely, according to the quantity of the 
metallic compound used. Some metals (copper for instance), forming two 
series of compounds, give different colors to the bead when present in either 
the higher or lower state of oxidation. By modifying the blow-pipe flame 
so as to either oxidize (by supplying an excess of atmospheric oxygen) or 
de-oxodize (by allowing some unburnt carbon to remain in the flame), the 
metallic compound in the bead may be made to assume the higher or lower 
state of oxidation. Thus a copper bead may be changed from blue to red, 
or red to blue, the blue bead containing the copper in euprie, the red bead 
in cuprious form.’’ 


Paste for Iron Molds. 


Take lard oil and linseed oil equal parts, say one-half pint of each; 
boil down to about one-half, or until it becomes good and thick, so that 
when you remove some on a stick and let it cool a little while it will draw 
in a string like melted wax when you touch it to anything; then let it cool 
and add enough painter’s red lead to make it about the color of mahogany, 
as that it gives it body. Now make some sawdust from apple wood or 
maple by putting the wood in a lathe and holding a file against it. 

Get the mold clean and just a little warm, so the paste will spread 
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easily; put the paste on thin with a brush, then dust it with sawdust as 
long as any will stick; put the mold up to heat—where it is not too hot— 
and bake paste until it becomes brown in color; then let it cool and blow 
one piece of ware in it before dipping it in water, and blow first one very 
easy. The best utensil to béil paste in is a small iron pot with a cover, so 
that when the oil ignites it ean be smothered and extinguished. 


Chemical Names and Their Common Versions. 
Common. Chemical. 
SAGs POLIS. axe ctarersiere + wor ojo ne sieigieleis Nitrie acid 


PAFURE OODLE ry) <ca1sh0.<iaivie/ owes e'nisiaigiwie'r ese Nitrie and hydrochloric acids 
Blue vitrol.. . Sulphate of copper 
(Chalks its... . Carbonate of calcium 


Salts of tartar . 
Caustie potash.. 
Common salt...... 
Copperas—or green vitrol 
Glauber’s salt. ....... 
Tron pyrites. . 
ible) esa gnene 
Lunar caustic ........ 
Muriate of lime ...... 


. Carbonate of potassium 
- Hydrate of potassium 
..Chloride of sodium 

.. Sulphate of iron 

. Sulphate of sodium 
-Bi-sulphide of iron 

. Oxide of calcium 

- Nitrate of silver 

. Chloride of calcium 


Saltpetre. - Sulphurie acid 

Oil ‘of vitrol <..,.:).0: - Nitrate of potassium 
Potash . Carbonate of potassium 
Realgar »Red sulphuret of arsenic 
Red lead . Oxide of lead 

Rust of iron . Oxide of iron 

Salt cake - Sodium sulphate 


imelcody lirmG teint 510 este orssaiwvateinns a acae Caleium hydrate 
Spirits of hartshorn.ciss:. c »..15 i136. 0 Ammonia 

Plaster of paris.... - Sulphate of calcium 
Wehite- vitrols tic. .ocs a ciees ce neee Sulphate of zine 


BGT GASH cara eielei vie act Hiuje ecelots usenet: Phosphate of calcium 
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